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Studies on the Nucleus of the Spore in Streptomyces. 
Part-II. Observations on the Nuclear Substances of 
the Spore in Streptomyces which belong to 
B and C groups. 


by Shukuo KINOSHITA*and Shiro ITAGAKI* 
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Received September 27, 1958 


The nucleus of the spore in nine strains of Streptomyces which belong to A group 
was observed in the previous report. 

In this report, the nuclear substances of the spore in thirteen strains which belong 
to B group and eithteen strains which belong to C group were observed. While the 
strains of B group produce the soluble pigment on the organic media, the_strains of 
C group do not. This difference has been cleared up in Bergey’s manual?). 

The methods of incubation and experiments were described in Part-I previously. 

Morphological observations of spores were done with the aid of the electron- 


microscope to all strains tested. 


Experiments and results 


1. Observations on the nuclear substance of the spores in various species of 
Streptomyces which belong to B group. 

1) S. roseochromogenus (-36-738 

2) S. roseochromogenus B-2 

These strains did not show the typical nuclear figures. Both the polar parts of 
the spore were stained deeply as shown in Fig. 1. This observation was similar to 
the pair of chromosomes in secondary hyphae which were descrived by Klieneberger- 
Nobel3). But, it is rather unreasonable that the results of the present observation 
were analogous to Klieneberger-Nobel’s pair of chromosomes at the stage of nucleus- 
forming because the present materials sporulated completely on Bennet’s agar slant. 


3) S. cinnamonensis 154-T3 
Always uninucleate, but rod- or dumbbell-shaped nucleus or two nuclei were 


observed rarely. 
4) S. flavochromogenes 1349-15 
Always uninucleate, but large long ellipsoidal nucleus was observed. 


* Tokyo Research Laboratory, The Kyowa Fermentation Industry Co. Ltd., {i 7Anmehe TS 
Ne HET 


bo 


Mm % M RH Ble B87 E 1959 4214 


5) S. flavochromogenes H-3206 

Always uninucleate. This strain resembles with T349-15 strain, but thick rod- 
shaped nucleus was observed. 

6) S. antibioticus U-1091 

Details were obscure because the clear preparations were not obtained by usual 
method. This strain may be uninucleate. 
7) S. viridochromogenes CBS (IFO-3113) 

Most of the spores contained spherical nuclei. But there were abnormally large 
spores which contained diffuse or very large nuclei. 

8) S. pheochromogenus 253 

There was spherical or ellipsoidal nucleus at the center of long ellipsoidal or 
cylindrical spore. Always uninucleate. 

9) S. pheochromogenus W-41 

In most of the cases of this strain the spore was uninucleate, but dumbbell shaped 
nucleus or two nuclei were rarely observed in the spore. 

There were so many spores which had Table dn Distribuiionwef chewerae 
specially large nucleus. It seems that spe- of nuclei in S, pheochromogenus W-41. 
cially large nucleus was correlated to the 


type of nucleus Distribution % 
maturation of spores because these spores 
were combined with usual spores in the P= SI =o 
same sporechain. These large nuclei were | oP) K=5 2.5 
easily stainable with Giemsa and _ had : aD 0.5 


various shapes. Specially large nucleus 


appeared only in the spore of S. pheochromogenes W-41 in thirteen tested strains 
which belong to B group. 


Distributions of shapes and numbers of nuclei were shown in Table 1. 
10) S. pheochromogenus S-66-B 
Always uninucleate. There was a spherical or ellipsoidal nucleus in a spore. 


The nucleus was shown larger in a microphotograph due to the halation and the 
nucleus was easily stainable with Giemsa. 


11) S. aureus ATCC-3309 
Always uninucleate, 


Table. 2. Distribution of the type 


of nuclei in S. erythrochromogenes 12) S. erythrochromogenes W-115C 
W-115C Most of the spores were uninucleate, 
ay Pexiol nuelens Distribution az but dumbbell-shaped nucleus and two nuclei 
<>) 87 were observed in about eight percent cases. 
= 4 | In rare cases comma-type nuclei were ob- 
= ‘ vcs ee 
Distributions were shown in Table 2.. 
ic) 5 


13) S. lavendulae ATCC-8664 
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Table 3. Distribution of the type Rod- or 


ee dumbbell-shape 5 
of nuclei in S. lavendulae ATCC-8664. ped nucleus was 


observed in relatively many cases. 


type of nucleus pistabation % | Trinucleate spores were observed in rare 
= 62 cases. Distributions were shown in Table 3. 
= EE - | | The thread-like structure which jointed 
: with separated two nuclei was observed as 

c= 12 Pee ele 

2S ee _ shown in S. griseoflavus $305. 

e (LED. _ 5 Distribution of the number and type of 
a 3 nuclei in the spores of thirteen strains of 


Table 4. Distribution of the number and type of nuclei in the spores of 
Streptomyces which belong to B group. 


| number % type % 
Strains —SS 2 = 

| | 1 2 3 | | other 
S. roseochromegenus O-36-738 obscure! 

S. roseochromogenus B-2 obscure a 
S. cinnamonensis 134-T3 100 ; rare <= | HOI) |) Seeiretes || renee |) Seaices |) ——— 
Ds [a 7349-15 =| 100 i = —— | 100') rare : 
S. flavochromogenes H-3206 ~ Ghheo)- = — 100 | rare) —~ | __ 
S. antibioticus U-1091 ; aa eae eee 3 
$--vividochromozents, CBS (IFO 3113)| 100 |, -— == [100 | —] —] —— itiase 
SE Si nelareunaeniis 953° ? 100 —_ —— 100 ~ 
S. pheochromogenus W-41 97 Ae 3 — 97 | —~| 2.5 | —— 
S. pheochromogenus S-66-B 100 -— = — | 100 | — | 2 
S. aureus ATCC-3309 : 100 _ — | 100} — 2 
S. erythrochromogenes W-115C 92 8 ote af 1 4 5) 
S. lavendulae ATCC-8664 83 “417 { rare 62 18 | 12 | 5) 3 


Streptomyces which belong to B group are shown in Table 4. When counted, 
rod-shaped nucleus was counted as uninucleate and dumbbell shape nuclei counted 


as two nuclei. 


2. Observations on the nuclear substance of the spores in various species of 


Streptomyces which belong to C group. 


1) S. microflavus 13-A 
Not only the forms of spores of this strain were irregular morphologically but 


also the shape of nucleus is variable. When a spore has one nucleus, for example, 
the shape of the nucleus varies from spherical to rod-shaped. Three nuclei were 
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rarely observed in a spore. 
These distributions were shown in Table 


2) S. griseus #1 

The form of spores and the shape of 
nucleus were relatively uniform. Always 
uninucleate, but dumbbell-shaped unclei or 
two nuclei in a spore were rarely observed. 

3) S. griseus SXo-O-11 

4) S. griseus H-12 

5) S. griseus TS-601 

6) S. griseus SN-14 
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Table 5. 


IN)s38) ves il 5 


of nuclei in S. microflavus 13-A 


Distribution of the type 


type of nucleus 


Distribution % 


| SS 82 
= 10 
= 2.5 
= oA 


These strains were always uninucleate, but two nuclei were rarely observed in 


S. griseus SN-14. 
7) S. griseus MC-33 


Always uninucleate, but rod- or dumbbell-shaped nucleus or two nuclei were rarely 


observed. 


Twenty minutes hydrolysis at 50° gave better results than ten minutes hydrolysis 


at same temperature. 
8) S. olivaceus NRRL-B-1125 


Table 6. Distribution of the type 
of nuclei in S. olivaceus NRRL-B-1125. 


There were various shapes of nuclei. 


Of 


course, most of the spores were uninucleate, 


Ste oe but these nuclei were varied from spherical 
type of nucleus Distribution % ; : 
ie Tae to rod- shaped. Two nuclei and three nuclei 
oy are 78 Were not so rarely in a spore. 
i>) 7 These distributions were shown in Table 
>) 4 6. 
= ; 9) S. olivaceus CR-74 
f= Most of the spores were uninucleate, but 
there were spores which have rod-shaped or, 
Hablear Digicibutionon rhe went comma-shaped nucleus or two nuclei. The 
of nuclei in S. olivaceus PD-60. none-nucleate spores were rarely observed. 
ih Ses - 
type of nucleus Distribution % OP Gate ep 
There were rod-shaped nucleus or two 
(>) 96 wr 
; nuclei in some cases. 
= 2.0 These distributions were shown in Table 
GD 1.5 fh 


Two kinds of spores were observed. The 
larger one had a large nucleus and the smaller one had a small nucleus. 


11) S. olivaceus G 


Uninucleate, but there was rod-shaped nucleus rarely. 
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Table 8. Distribution of the type 12) S. olivaceus GSMs 
of nuclei in S. sahachiroi. This strain was obtained as a resistant 
Ppoaraucieue Mictrindtion & strain for streptomycin 5000;/ml. The parent 
= aE strain is S. olivaceus G. 

Both the polar parts of spore were stained 
<7 ) | with Giemsa as in the case S. roseochromogenes 
as | rare | and ring nuclei were observed. 

. The detail of the structure is not yet 
clarified. 


13) S. sahachiroi 

There was one nucleus in an oval spore which is very uniform in size and 
form. But dumbbell-shaped nucleus was observed at the rate of five percent. Two 
nuclei were rarely observed. 

These distributions were shown in Table 8. 


Table 9. Distributions of the number and type of nuclei in the spores of 
Streptomyces which belong to C group. 


number % type % 
Strains 
1 mu 3 ~ others 
S. microflavus 13-A 92 8 —— 82 10 ; As) 5.5), —— 
S. griseus $1 a 100 rare ames 100 = rare rare —— 
” SX,-O-11 100 —- = 100 : 
y HL 5 es i ‘cena az 
” — TS-601 Ty ee, (a iT: : : 
” SN-14 100 — — 100 ‘ 
” MC-33 100 rare a ©1109 | rare rare rare a 
S. olivaceus NRRL-B-1125 } 85 12 2 ? 78 | 7 4 . 8 3 
| »  CR74 5 15 — | 96 Deel see i 
” PD-60 100 — — 100 al fare. 
” G 100 aa meer" 100 rare 
" GSMéo9 obscure obscure 
S. sahachirot Oo 5 ers) 95 mr 5) rare —— 
S. halstedii CBS (1FO-3199) 100 — —— 100 ae 
S. lipmarii 3331 100 — ——- 100 hice 
S. fradiae 117 100 — —— 100 a : 
it, 3930 obscure) —— -—  |obscure) many | many | rare —— 
" (Okami) 100 — =: 100 
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14) S. halstedii CBS CIFO-3199) 

Uninucleate, but the details were obscure. There were some none-nucleate spores. 

15) S. lipmanii 3331 

Always uninucleate, but the shape of nucleus was various from spherical to rod- 
like. 

16) S. fradiae 117 

Always uninucleate, and the shape of nucleus was very uniform. 

17), S. fradiae, 3535 

Uninucleate, but rod- or dumbbell shaped nucleus were often observed. Two 
nuclei were also observed rarely. 

These distributions could not shown as a table. 

18) S. fradiae (Okami) 

Always uninucleate. Spores were slightly irregular in form and siZe. 

Distributions of the number and type of nuclei in the spores of eighteen strains 
of Streptomyces which belong to C group were shown in Table 9. 


Discussion 


1. On the nucleus of spore in Streptomyces which belong to B group. 

Seven strains out of the thirteen were always uninucleate, but two nuclei-were 
clearly observed in S. lavendulae ATCC-8664 (17 %), S. erythrochromogenes W-115C 
(8 %), S. pheochromogenus W-41 (3 %) and S. cinmnamonensis 154-T3 (rarely). Tri- 
nucleate spores were observed in S. /avendulae AYCC-8664 very rarely. 

Rod- or, dumbbell-shaped nuclei and comma-type nuclei were observed. Comma- 
type nucleus could not observed in observed nine strains of Streptomyces which belong 
to A group. 

Nuclei of S. roseochromogenus O-36-738 and B-2 were not stained by usual technique. 
Both the polar parts of the spore were stained deeply. 

2. On the nucleus of spore in Streptomyces which belong to C group. 

Twelve strains out of the eighteen were always uninucleate, but binucleate 
spores were clearly observed in S. olivaceus NRRL-B-1125 (12.%), S. microflavus 
13-A (8 %), S. sahachiroi (5 %), S. olivaceus CR-74 (rarely), S. griseus #1 (rarely) and 
S. griseus MC-33 (rarely). Trinucleate spores were observed in S. olivaceus NRRL- 
B-1125 only. The ring nucleus was observed in S. olivaceus GSMing. This strain is 
a mutant of S. olivaceus G and it is resistant against streptomycin 50007/ml.. It 
seems that there are some relationships between the shape of nucleus and resistant 
character. 


We observed that there were some none-nucleate spores in S. olivaceus CR-74. 


Summary 


The number and shape of nuclei in the spores of Streptomyces which belong to 
B and C groups were observed. The results were as follows: 
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36-738 3 a arts of » spore were deeply stained 
; ) shromogenus ()-36-738. Both the polar parts of the spore were de stained 
a ae he nucleus does not show typical form. Fig. 2. S. viridochromogenes ee 
CIEO-3113) Abnormally large spores which have diffuse or large nucleus are shown. ig. 
Son 1S) pheochromogenus W-41. Specially large nuclei are neue eae ee 
6641 i are i i ape and size. i 5), 1S. HHS Ti -3309. ‘leate. 
S-66-B. Nuclei are uniform in shape anc fe ie Lia Ca eae ee 
é 5. ervthrochromogenes W-115 C. Dumbbell-shapec nucleus 1s ¢ early > oe 
De alee ATCC S001 Various types of nuclei are shown. Fig. 8. S. griseus #1. Uninucleate, 
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are observed. The larger one has larger nucleus 
S. olivaceus G. Fig. 12. S. olivaceus GSMéo. Ring nuclei 
are observed. The shape of 


Fig. 9. S. olivaceus NRRL-B-1125, V 
olivaceus PD-60. Two sizes of spores 


than the smaller. Pica us : ‘ 
nucleus of this strain differs from its Parent strain, S. 

oliwaceus G. Fig. 13, S. sahachiroi. Fig. 14. S. halstedii CBS (IF'O-3199). None-nucleate 

spores are shown here and there. ike, IS, Sh Gaeta Tile Fig. 16. S. fradiae 3535. 
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1. On B group. 


1) Seven strains out of thirteen most spores were uninucleate. The shape of 
nucleus seems spherical or ellipsoidal. 

2) In four strains out of thirteen, S. Jevendulae ATCC-8664 C17 %), -S. erythro- 
chromogenes W-115C (8 %), S. pheochromogenus W-41 (3 2%) and S. cinnamonensis 154- 
T3 (rarely), two nuclei were observed. 

3) Trinucleate spores were rarely observed only in S. lavendulae ATCC-8664. 

4) Specially large nucleus was observed in S. pheochromogenus W-A1. 

9) Nucleus could not be observed in two strains of S. roseochromogenus. 

2. On C group. 

1) On twelve strains out of eighteen most spores were uninucleate. The shape 
of nucleus seems spherical or ellipsoidal. 

2) In six strains out of eighteen, that is, S. olivaceus NRRL-B-1125 (12 %); S 
microfiavus 13-A (8 %), S. sahachiroi (5 %), S. olivaceus CR-74 (1.5 %), S. griseus #1 
(rarely) and S. griseus MC-33 (rarely), ite leat spores were observed. 

3) Trinucleate spores were rarely observed only in S. olivaceus NRRL-B-1125. 

4) Ring nucleus was observed in S. olivaceus GSMfoq 

5) It was observed that there were so many none-nucleate spores in S. olivaceus 
CR-74. 


The writers wish to express their sincere thanks to Prof. A. Yuasa of the Uni- 
versity of Tokyo for his kind advice and suggestion. Thanks are also due to Mr. 
M. Furukawa for his assistance. 
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In a preceding paper of this series, it was shown that five anthocyanin deriva- 
tives belonging to cyanidin and delphinidin groups are present in flowers of Swiss 
Giant pansy. In our approach to the genetic background of flower color variations, 
it is of particular importance to determine the type of aglycone and also of glycoside 
as regards individual anthocyanin components appearing in flowers, since several 
important biochemical steps, such as glycosidation, hydroxylation and methylation of 
anthocyanidin molecule, are known to be controlled by genes. 

According to the methods established by Bate-Smith2),3),4), Hayashis~®) and his 
coworkers, the present author has carried out the detailed examination of anthocyanin 
components which were separated paper-chromatographically from the flowers of 
several pansy varieties. 


Materials and Methods 


Materials. Among five cyanic varieties of Swiss Giant pansy, deep red (Alpen- 
glow) and deep purple (Berna) varieties were mainly used as materials. The flowers 
of these varieties comprise a good source of anthocyanins, and also contain most of 
the pigment constituents found in other varieties, as reported previously. 

Preparation of anthocyanins. For the preparation of anthocyanin mixtures available 
for the chromatographic analysis, ca. 2 g. of fresh petals were immersed in 1 % cold 
methanolic hydrochloric acid for 2 hours and filtered. The filtrate was concentrated 
im vacuo up to a syrup at 30°. Besides, sugar-free and organic acid-free samples 
were prepared as follows: ca. 300g. of fresh petals were macerated in a blendor with 
0.5 % aqueous hydrochloric acid and filtered. Pigments were precipitated from the 


ee This is the correct specific name which was proposed in 1925 by -H. Gams as a collec- 
tive designation of cultivated pansies. The name, Viola tricolor L. used in my previous 
paper, should be replaced by this name. 

** Contribution No. 261 from the National Institute of Genetics. 

** National Institute of Genetics, Misima, Sizuoka-ken, Japan. He AEA OTE A. 
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filtrate as lead salts, and recovered as chloride by dissolution in dry 7 % methanolic 
hydrochloric acid, and precipitated as dark red matter by the addition of anhydrous 
ether. 

Paper chromatography. One-way paper chromatography was applied for the separa- 
tion of individual pigments as well as sugar and organic acid components. The 
solvents employed are as follows: 


Designation Composition Ratio (v{v) | Applied for 

BuOH-HCl-1 | z-butanol/cone. hydrochloric acid/water Byredee2 anthocyanin 

BuOH-HC]-2 | 2-butanol/cone. hydrochloric acid/water Bg hed! anthocyanin 

HFo-HC1 80 % formic acid/conc. hydrochloric anthocyanidin 
acid/water oii 

BuOH-Prd n-butanol/pyridine/ water Gime A. sugar 

BuOH-AmPh| n-butanol saturated with 0.5 N sec. —- organic acid 
ammonium phosphate 


Spraying reagents. Sugar spots on the chromatogram were detected by spraying 
with 1 % ethanolic solution of aniline hydrochloride® followed by heating for 5 min. 
at about 110°. Spots of organic acids were developed by spraying with a mixture 
of equal volume of 1 % ethanolic solution of methyl red and citrate-phosphate buffer 
solution of pH 7.0. 

Isolation of anthocyanins. Since the column chromatographic separation of antho- 
cyanin components has not been accomplished in satisfactory manner!, the isolation 
was made by means of mass paper-chromatography throughout, and almost pure sam- 
ples could be obtained as follows: 1 % methanolic hydrochloric acid solution of antho- 
cyanins was streaked on every ten sheets of Toyo No. 50 filter paper (40x 40 cm.) and 
irrigated with the solvent, BuOH-HCl-1 or BuOH-HCl-2. The anthocyanin bands obtained 
were separated by cutting and eluted with 5 % acetic acid in methanol. After concen- 
tration of the combined eluates im vacuo, the resultant syrup was used for several 
tests. 

Saponification. Acylated anthocyanins are characterized in general by giving the 
spots of high Rf-values accompanied by conspicuous tailing. In view of these be- 
haviors, the flower materials examined seemed to contain at least two acylated 
anthocyanins, so that it was necessary to be studied further by means of saponifica- 
tion test. 

For this purpose, each of the anthocyanins separated as above was treated for 
2 hours with 10 % methanolic potassium hydroxide in an atmosphere of hydrogen. 
The solution was acidified with anhydrous 7 % methanolic hydrochloric acid, and the 
saponified anthocyanin was precipitated together with a large amount of potassium 
chloride by the addition of dry ether. From the precipitates, the anthocyanin was 
extracted thoroughly with methanol and chromatographed. 

For the test of organic acid residues, a remaining portion of each anthocyanin 
fraction was treated with 10 % aqueous potassium hydroxide in an atmosphere of 
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hydrogen for 2 hours. After acidification with aqueous hydrochloric acid, the 
solution was repeatedly extracted with ether. The combined ethereal solution was 
evaporated to dryness, and the residues were applied for chromatographic test. 

Hydrolysis. The anthocyanin was boiled in 10 % hydrochloric acid for 10 min., 
and the resultant aglycone was extracted with iso-amyl alcohol and chromatographed. 
The aqueous layer, if necessary, was passed through a resin column (16>610scms) 
filled with Amberlite IRC-120 to remove traces of anthocyanins. Colorless aqueous 
layer was repeatedly passed through Amberlite IRA-410 resin column, whereby 
hydrochloric acid was removed almost completely. Deionized solution from the column 
was concentrated iz vacuo at ca. 40° and applied to chromatography of sugars. 

For the determination of the position of sugar attachment in anthocyanins, 
partial hydrolysis was carried out as follows: both isolated and authentic anthocyanins 
were heated in parallel with 12 % ethanolic hydrochloric acid at 70° on a water 
bath. During hydrolysis, every small portion was pipetted out at regular intervals, 
and spotted side by side ona filter paper and chromatographed. 


Results 


Determination of aglycones. From the present paper-chromatographic study, it 
was found that at least six kinds of anthocyanins are present in the flowers of pansy 
varieties. These anthocyanins are designated tentatively as aC,, aDo, C3, Dy, C5; and Dg, 
of which the last one was newly found. Among them, aDz and C3 predominate in bluish 
and reddish varieties in general. Corresponding aglycones are carefully compared with 
each other on the chromatogram (Table 2). The results indicate that aC,, C; and Cs 
belong to cyanidin-, and aD, Dy and Dg to delphinidin-group. Therefore, these 
anthocyanins were co-chromatographed further with authentic cyanidin- and delphini- 
din-derivatives, respectively. The results are summarized in Tables 3 and 4, from 
which it may be concluded that C3 is identical with keracyanin (antirrhinin), whereas 
the others agree with none of the known anthocyanins. 


Table 1. Rf values of pansy anthocyanins isolated and mixed. (Temp. 25°) 


Sample Solvent aC, aD, Gs D, Cs De 
Isolated BuOH-HCl-1 0. 84 0.78 0. 60 0. 40 0.42 0.14 
Mixed BuOH-HCl-1 0. 84 OS fee 0.59 0.43 0. 31 0.18 
Mixed BuOQH-HCI-2 0.55 0. 39 0. 28 On Os 0.07 
Isolated HFo-HCl 0.79 0. 74 0.67 0.58 0. 80 0. 60 
Mixed HFo-HCl about 0.80 (not separable) 
Table 2. Rf values of authentic anthocyanidins and of the pigments from pansy. 
Anthocyanidin HFo-HCl Sample from HFo-HCl 
Pelargonidin 0. 36 aC; R22 
Peonidin 0. 30 C3 Os22 
Malvidin 0. 27 Cs 0. 22 
Cyanidin Oo? aD, Oeu2 
Petunidin 0.18 D, 0.12 
Delphinidin 0.12 Ds 0.12 
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Table 3. Rf values of cyanidin-glycosides. (Temp. 25°) 
Anthocyanin Glycoside type BuOH-HC!l 1 HFo-HCl 
Chrysanthemin 3-glucoside 0. 50 0.53 
Idaein 3-galactoside 0.48 (Oa taye? 
Keracyanin 3-glucorhamnoside 0. 62 0.67 
Ilicicyanin 3-glucoxyloside 0.62 0.74 
Cyanin 3:5-diglucoside 0. 32 0.68 


Table 4. Rf values of delphinidin-glycosides. (Temp. 25°) 


Anthocyanin Glycoside type BuOH HCI-1 HFo HCl 
Unnamed 3-glucoside 0.29 0. 40 
Empetrin 3-galactoside 0.27 0.42 
Hyacin 3-glucoglucoside 0,19 Onoy 
Delphin 3:5-diglucoside 0.18 0). 57 


Determination of sugar and organic acid components. So far as is known, organic 
acids attached to the anthocyanin molecule in general are p-coumaric (p-hydroxycin- 
namic), malonic and p-hydroxybenzoic acid, and sugar components are known to be 
rhamnose, xylose, arabinose, glucose and galactose. 

Therefore, the authentic specimens of these compounds were used as standard in 
chromatographic evaluation of the components of anthocyanins in question. Follow- 
ingly, it becomes evident that both aC, and aD, are associated with p-coumaric acid 
(Tables 5 and 6), and that the sugar components are glucose and rhamnose in all six 


anthocyanins examined (Table 7). 


Table. 5. Rf values of pansy anthocyanins after saponification. 


j Sample BuOH-HCI-1 HFo-HCl 
Saponified aC, 0. 26 — 
Saponified aD, 0.14 0.61 


Table 6. Rf. values of organic acids. 


Organic acid BuOH-AmPh 
p-Coumaric acid 0.49 
p-Hydroxybenzoic acid 0.61 
Malonic acid 0). 02 
Sample from aD, 0.49 
Sample from a mixture of aC, and aD, 0). 50 


Table 7. Rf values of sugars. 


Sugar BuOH-Prd Sample from BuOH-Prd 
Rhamnose 0.61 aD, 0). 60 0.26 
Xylose 0. 44 C3 0.61 0.26 
Arabinose 0.37 D, 0.61 0,25 
Glucose , (PATE Cs 0.61 0. 26 
Galactose 22 Ds 0.59 0.27 


Determination of sugar residues. Prior to detailed examination of unknown antho- 
cyanins from pansy, partial hydrolysis of the authentic cyanin chloride was carried 
out. under almost the same experimental conditions as described by Hayashi et al.. 
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In this experiment, three kinds of hydrolytic product, namely chrysanthemin, cyanenin 
and cyanidin, were detected on a chromatogram, as shown in Fig. 1(a). The Rf me 
of cyanenin was found to be higher than that of chrysanthemin on irrigation with 
the solvent, BuOH-HCl-1, whereas two cyanidin-monoglucosides, chrysanthemin and 
cyanenin, were not separable with each other after irrigation with the solvent, HFo- 


HCl, as shown in Fig. 1 (b). 
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Fig. 1. Paper chromatogroms of the products of partial hydorlysis of cyanin. 
Developed with (a) BuOH-HCI-1; (b) HFo-HCl. 

As regards the anthocyanins from pansy, aD2, C3, Dy and C;, were examined in 
similar manner using delphin, hyacin, delphinidin-3-glucoside, cyanin and chrysanthe- 
min as standards. 

From the examination of organic acid as well as sugar components, it is suggested 
that aD2 is p-coumarylglucorhamnosyl-delphinidin. On partial hydrolysis of the antho- 
cyanin, three normal spots, Rf 0.12, 0.25 and 0.36, together with one tailing spot, Rf 
ca. 0.66, appeared on the chromatogram, as shown in Fig. 2 (a). The tailing spot is 
obviously delphinidin, which remains until the latest stage of treatment. The spot, 


Rf 0.12, which appears at an early stage of treatment, is certainly responsible for 
glucorhamnosyl-delphinidin which is derived from the original compound after libe- 


January 1958 Bot. Mag. Tokyo, Vol. 72, No. 847 15 


Fig. 2 (a) 
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Fig. 2. Paper chromatograms of partial hydrolysis of aD». Developed with (a) BuOH-HCI-1; 
(b) HFo-HCl. D-3G=delphinidin-3-glucoside Sap. aD,=saponified: product of aD, 
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ration of p-coumaric acid. The other two, Rf 0.25 and 0.36, correspond to delphinidin- 
3-glucoside and -5-glucoside, respectively, which are obtainable also by partial hydro- 
lysis of delphin chloride. Although another possibility that one of them is delphinidin- 
rhamnoside is not excluded, this could not be ascertained owing to the lack of a 
specimen available for comparison. In consequence, it is suggested that aD» is not 
violanin!) (delphinidin-3-p-coumarylglucorhamnoside), which has been commonly 
isolated from bluish purple flowers of cultivated pansies, but one of the following 
four anthocyanins: delphinidin-3-p-coumarylglucoside: 5-rhamnoside, -3-glucoside : 5- 
p-coumaryl-rhamnoside, -3-p-coumarylrhamnoside: 5-glucoside and -3-rhamnoside: 5- 
-p-coumarylglucoside. 

Figs. 3 (a) and 3 (b) represent the chromatograms showing two kinds of hydrolytic 
product formed on partial hydrolysis of C3. One of them corresponds to chrysanthemin 
and the other to cyanidin. Accordingly, it is concluded that C3 is cyanidin-3-gluco- 
rhamnoside. 

The result on Dy, is very similar to that on C3. The two products obtained by 
partial hydrolysis of Dy correspond to delphinidin and its 3-glucoside, respectively, in 
chromatographic behavior, as shown in Fig. 4. The sugar components of Dy were 
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Fig. 4. Paper chromatograms of the products of partial hydrolysis of D,. 
Developed with (a) BuOH-HCl-1: (b) HFo-HCl. 


identified as glucose and rhamnose. Therefore, Dy, must be delphinidin-3-glucorhamno- 
side (tulipanin)!, which was newly isolated from dark purple flowers of Tulipa 
gesneriana. 

On partial hydrolysis of Cs, four kinds of hydrolytic product appeared on the 
chromatogram, as shown in Fig. 5 (a). Their Rf values are 0.25, 0.42, 0.64 and 0.88, 
respectively. The last one corresponds to cyanidin. The spot, Rf 0.25, which appeared 
at an early stage of hydrolysis, is proved to be cyanin by co-chromatography. The 
remaining two spots, Rf 0.42 and 0.64, correspond to chrysanthemin and cyanenin, 
respectively. Thus, Cs; is cyanidin-triglycoside, which is probably cyanidin-3-gluco- 
rhamnoside : 5-glucoside or -3-glucoside : 5-glucorhamnoside. 

Determination of sugar residues of aC, and Dg is still in progress. At present, 
it is not probable that aC, is an acylated type of C3 or Cs, and Dg may be non-acylated 
type of aDz:, because both anthocyanins have identical sugar components and very 
similar Rf values, as shown in Fig. 2. 

Preliminary identification of anthocyanins. For the identification of pansy antho- 
cyanins, it is necessary to assume the generality of the following facts: 
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Fig. 5. Paper chromatograms of partial hydrolysis of C;. Developed with 
BuOH-HCl-1; (b) HFo-HCl. 


Attachment of sugar residues is restricted to 3- and 5-positions in natural 
anthocyanins. 

During the course of partial hydrolysis of a given anthocyanin, the sugar 
and organic acid components are liberated, one by one, from the original 
anthocyanin. 

Organic acids which combine with sugar hydroxyls of anthocyanin are 
liberated by acid hydrolysis. 

Rf values are apt to change within the range of ca. +0.02 in general. 
relation to the subject (3), it is noteworthy that Karrer et al. have 


made an interesting observation, that in salvianin (3-di(methylmalonyl): 7-p- 
coumaryl-pelargonin}!8),!, coumaric acid residue is liberated not by acid hydrolysis, 
but only by treatment with alkali!9. From this fact, they assumed that organic 
acids which can be easily liberated by acid treatment combine with sugar hydroxyls 
of anthocyanins. If this is true, it may be that (3) provides an effective clue for 


the discrimination of the position of organic acid attachment in the anthocyanins 
examined here. 
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Under these considerations, following formulations may tentatively be assigned 
to the six anthocyanins found in flowers of Swiss Giant Pansy: 
aC;: cyanidin-?-p-coumarylglycoside, 
aD2: delphinidin-3 : 5-p-coumarylglucorhamnoside, 
C,: cyanidin-3-glucorhamnoside (keracyanin ), 


Ds: delphinidin-3-glucorhamnoside (tulipanin), 


Cs: cvanidin-3 :5-glucoglucorhamnoside, 
D;: delphinidin-?-glucorhamnoside. * 
Summary 


In the common garden varieties of Swiss Giant pancy, Viola Wittrockiana Gams, 
the flower colors ranging from red to blue are caused by at least six anthocyanins. 
They were separated from each other by mass paper chromatography in comparatively 
pure state. Their component sugar, organic acid, etc. were studied chromatographically 
after complete as well as partial hydrolysis, and also after saponification with alkali. 
The results show that the major pigment is keracyanin in reddisch varieties, whereas 
the pigment in bluish varieties is not violanin (delphinidin-3-p-coumarylglucorhamno- 
Side) but a new anthocyanin, probably having a constitution of delphinidin-3: 5-p- 
coumarylglucorhamnoside. Among four kinds of minor constituent, two are shown to 
be tulipanin and cyanidin-3 : 5-glucoglucorhamnoside, and the remaining two are deriva 
tives of cyanidin and delphinidin. 
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Mitochondria Diminution in Hypertrophied Equisetum Spores 
by Singo NAKAZAWA* 
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Received July 18, 1958 


Equisetum spores never form a rhizoid but become hypertrophied when they are 
cultured in a medium containing colchicine at a concentration of 0.01 per cent. But 
if the hypertrophied spores are transferred to a normal culture, they begin to dif- 
ferentiate a rhizoid.!,2,3. A Similar phenomenon is reported also in Funaria.t) On 
the other hand, it is well known that the morphogenetic pattern is characterized by 
mitochondrial enzymes). For instance, in sea urchin eggs, the distribution density 
of mitochondria is larger in the animal pole region than in the vegetal region. 
Therefore, vegetalization occurs when the egg is reared in a medium containing an 
agent such as LiCl which inhibits the synthesis of mitochondrial enzymes®,”,8), 
Herein, a research was undertaken to make clear a question as to how mitochondria 
behaved with occurrence of hypertrophy and with their regain of potency to form 
rhizoid. 

The experiments were carried out extending over April to May, 1958, on fresh 
spores of Equisetum arvense collected in Yamagata. The spores were reared in the 
culture medium contained in Petri dishes, 40 mm. in diameter and 15mm. in depth, 
sown at a density of 400 to 500 individuals for one dish. The dish was covered, and 
incubated at 20+1°. The wall of the incubator was made of colorless vinylon, so 
that the spores were kept under a diffused white light. Diluted Knop’s solution, 1/5 
in density, was applied for the control culture medium. For inducing hypertrophy, 
colchicine was added to the control medium. Density of colchicine was adjusted to 
0.10, 0.05, 0.02, and 0.01 per cent. The hypertrophied spores were transferred to the 
control medium after being rinsed with tap water to let them regain the ability of 
forming rhizoid. For proving mitochondria, spores were centrifuged at 10,000 times 
gravity for 20 minutes, and stained with 0.001 per cent Janus green B. 

As is shown in Table 1, hypertrophy occurred with colchicine in a high ratio. 
The hypertrophy is classified into two different types. One is the polar hypertrophy 
which occurred in media containing 0.01 to 0.05 per cent of the agent. In these 
media the spores grew up without cleavage to ten or more times the control in 
volume, and became elongated to an ovate or a spatulate form pointed at one end 
(Fig. 1E). Chloroplasts are more densely distributed in the blunter half. The other 
type is the apolar hypertrophy occurring ina medium containing 0.1 per cent colchicine. 
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Table 1. Induction of hypertrophy in media containing colchicine. 


Colchicine Normal Hypertrophy Dead pees 
5c) cil (%) %) (Ms) 
0.10 0 43 Bil 101 
0.05 0 45 55 iis 
0. 02 0 99 il 120 
0.01 85 14 1 109 

Control oy) 0 il 100 


Fig. 1. Equisetum spores. A, normal spore centrifuged after expansion taking water 
in the control medium; B, the same at a stage forming rhizoid; C, the same at a later 
stage having two protonema calilse ID, polar-hypertrophied spore centrifuged; E, a group 
of the same before centrifugation; F, hypertrophied spore centrifuged at a later stage 
forming rhizoid being transferred to the control medium, mi, mitochondria; pl, chloro- 
plasts; arrow indicates centrifugal direction, 
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In this case, the spore became a giant globe without elongation having diameter four 
to five times larger than the control. The nucleus is situated in the center surrounded 
by chloroplasts compactly. Regardless of the type they belong to, the hypertrophied 
spores cannot form rhizoid so far as their medium is not altered. But if the polar- 
hypertrophied spores are transferred to the control medium, segmentation takes place 
and the pointed end cuts out a protuberance which is elongated to become a rhizoid 
(Fig. IF). The apolar-hypertrophied spores neither can form rhizoid nor can be 
segmented even if they are transferred to the control medium. When the fresh 
spore is centrifuged at 10,000 times gravity for 20 minutes, the intracellular materials 
are Clearly stratified into the oil cap at the centripetal end, layer of chloroplasts 
with nucleus in the next, the hyaline zone, and mitochondria gathered at the centri- 
fugal end. The mitochondria are stained blue with Janus green B. When the fresh 
spores, about 40 in diameter, are sown in a culture medium, they expand after 
several hours to about 60 in diameter absorbing water. If they are centrifuged 
at this time, the oil cap does not appear so that the chloroplasts are gathered at 
the centripetal end, while mitochondria are also stratified at the centrifugal end 
(Fig. 1A). When a spore germinated normally is centrifuged, chloroplasts with 
nucleus are stratified at the centripetal and mitochondria at the centrifugal end of 
the protonema cell (Fig. 1B, C), while stratification is not always clear in rhizoid. 
Nevertheless, it is obvious that the rhizoid contains many mitochondria, which can 
be detected with Janus green B. Very few or no mitochondria are stratified with 
centrifuging, nor can they be detected by use of Janus green B in hypertrohied 
spores. As aforesaid, the polar-hypertrophied spores germinate and form rhizoid 
when they are transferred to the control medium. Testing them at this stage by 
means of centrifuging and staining with Janus green B, it became clear that mito- 
chondria were also diminished in the protonema (Fig. IF), but were abundantly 
contained in the rhizoid. 

Results above indicate that the presence of mitochondria is in some way con- 
nected with the rhizoid differentiation. That is, while a number of mitochondria 
are contained in the normal spore, they are diminished in the hypertrophied spore 
which does not form rhizoid so far as its culture medium is not altered. If the 
hypertrophied spore is transferred to a colchicine-free medium, it forms rhizoid. At 
this time, an abundance of mitochondria reappear in the rhizoid while they are yet 
dirninished in the protonema cell. But it is a further question that whether the 
reappearance of mitochondria is a cause or a result of the rhizoid differentiation. 


Summary 


(1) Spores of Equisetum arvense were reared in media containing colchicine. As 
a result, hypertrophy was induced in a high ratio. The effective range of colchicine 


density was 0.01 to 0.05 per cent. | 
(2) The normal spore contains many mitochondria, and they are stratified at 
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the centrifugal end by means of centrifugation at 10.000 times gravity. Upon germi- 
nation, they are also contained both in rhizoid and in protonema. 

(3) Mitochondria are diminished in number or are not to be perceived in the 
hypertrophied spore which is incapable of forming rhizoid so far as its medium is 
not altered. Rhizoid is differentiated when the hypertrophied spore is transferred to 
a colchicine-free medium. On this occasion, mitochondria reappear in that rhizoid as 


many as those in the normal germination, while they are yet diminished in the 


protonema. 
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(1) A¥F (Equisetum arvense) OfAFVEB< OP RAY FUT RAL, Hh 5 ik 10,0008 OD 
AVC ONITHD SNS (M1 A) IERORF CHE), Fh av EY TLR MIC h BARI 
yey daa lay (Cad ul 18), (©) 

(2) Aheyve@uy/ —7RCMFeBEL, MICRO ONE) AMMEBAILERI SES 
TEBCaR(M ILE) COBALICAMh ar +> Y BEI 0.01~0.05% Chor. 
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On the Establishment of the Vertical Distribution of 
Photosynthetic System in a Plant Community’ 
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Since the introduction of “stratifying clip method” by Monsi and Saeki), some 
of the characteristic features of productive structure in plant communities have 
been cleared up. One of the most attracting among them is the extensive similarity 
in the characteristic form of vertical distribution of leaves (Fig. 1) in the land plant 
community”),3),#,5),6,%,8),9. Monsi and Saeki) indicated that such vertical distri- 
bution-structure of leaves of Sanguisorba tennuifolia developed along the same line 
as its own vertical productivity gradient. Furthermore, it should be emphasized 
that phytoplankton communities in waters often take similar distribution profile to 
that in land plant communities. The establishment of such vertical distribution- 
structure of phytoplankton was interpreted by Hogetsu and Ichimura through the 
calculation of the production and reproduction of the phytoplankton!. 

Those works may admit a basic assumption in this report that the vertical dis- 
tribution-structure of leaves or phytoplankton is determined by the productivity. 
Based upon this assumption and the light-leaf amount relation), the authors present 
theoretical formulae as regards vertical distribution-structure of leaves in plant com- 
munity, and they discuss the appliance of the formulae not only to the land plant 
community but also to the phytoplankton community, on the basis of a model ex- 
periment. Some ecological meaning of those formulae will also be discussed. 


Theoretical formulation 


As clearly shown with the “ stratifying clip method”), light intensity diminishes 
markedly within a plant community. The decreased light must physiologically bring 
about the depression of photosythetic performance of the leaves. This depressed 
photosynthesis will naturally cause the delay of development of photosynthetic system, 
because new leaves will be produced by the raw material assimilated through photo- 
synthesis. The same explanation is applicable to the phytoplankton community in 
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stagnation period in lakes!,!), So the authors assumed that the leaf Cor phyto- 


ensity /'(x) at a depth x (measured 
Rel. Light Intensity plankton ) density /(x) p C 


0 5) 100% from the top of the plant community) is pro- 
70 


portional to the photosynthetic rate g, which 
is confined by the light intensity J prevailing 
at.«, Dbat ds, 


cx 
a) 


I'(x)=cq @ 


where c is a constant. Hourly or daily light- 


v 


photosynthesis curve of leaves or _ phyto- 


Height of Plant (cm) 


plankters is generally represented with the 
following equation!”), 


bl 


0 
. 60 30 0 30 60 Ee ne 
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q= if (2) 


(Gam) iE (Go) 


Be load Me COnet e where a and b are constants, and 7 is 
of a Sasa nipponica-community, de- 


monstrated with the stratifying clip 
method. Photosynthetic system (F) of leaves per unit ground area distributing 
consists of only the laminae; non- from the top to a depth x in the plant com- 
photosynthetic system (C) of the 
leaf sheaths, stems, etc. in fresh 
weight in a 50cm. square. Black 
polygons mean the system of other : 
adscies, and the dotted the yellow- Fas) Ia) ae (3) 
ing leaves. 0 


respiration rate. Provided F is the total area 


munity, i. é€., 


& 


The light. intensity 7 received by leaves at x is determined by means of the 
equation, 


I=Kl, exp(—KFJ=KI, expt—K{PGDda} (4) 
0 


where transmissibility of leaves is neglected as being small. Extinction coefficient 
K is a constant characteristic of a plant community. Equations (3) and (4) are 
also applicable Cwhen F is replaced by the quantity of phytoplankton itself) to the 
relatively shallow waters where no particles except phytoplankton are intercepting 
light. 

From Equations (1), (2) and (4), we can derive the following Equations (5) and 


(6) which indicate the relations between J and x, and between /\(x) and x, respec- 
tively. 


i i . it if, S 
In; ) +In——__=Ke = an an ee 
Gig Ni) aCe eee ae pat rae © 
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where J, is the light intensity at the compensation point of leaves, and q, is the 
maximal net photosynthetic rate when J is infinite. If the respiration is neglected 
because of its relatively small role in the productivity—as well known, the respiration 
rate is generally only one tenth of the photosynthetic rate,—Equations (5) and (6) 
are simplified as follows; 


il 1 b! 
| ee ae ; 
al “ae al a 10) @M 
ES: Le) b’ , 
2 || ] = 0 ao — : pee a 
c< )+ Goes 1) a O Xo) (8) 
where b’=Kbc, %= au ( : -+In : ) and J'\(x4)—>/,(x)= Dy 
1 ale Gp Meas . Oo. 


As illustrated in Fig. 2, /(x) is shown in a curve continuously decreasing and 
approaching zero with increasing depth. The point of inflexion of the curve is 
2/3 I(x). This curve well corresponds 
to the natural vertical distribution of I/ 1. re) 
phytoplankton in lakes, especially in 
eutrophic ones, in a stagnation period. 

In waters, occasionally, a large quanti- 
ty of abiotic seston makes the application 
of the above assumption difficult through 
strong interception of light, hence it is 


necessary to have some revision of the 
theoretical equations. However, there may 
be no difference in the shape between the 
curves calculated with the revised equa- 


tion) and those calculated with Equation 
(6) or C3). Fig. 2. The relation of relative light 


Concerning the shape at the upper- intensity ///, and the density of photo- 
synthetic system /(x) to the depth x, 


e land plant 
most ae ane ee aed ote | ne , based upon theoretical Equations (7) and 
community is different from the theoreti- 8), in which c-0=2, K=2 and has, ¢ 
cal curve. Later will be mentioned in denotes the constant of proportionality 


this, FeSpect. in Equation (1). 
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Experimental evidence 


For the purpose of further evidence of adequacy of Equations (7) and (3) the 
authors carried out model experiments. The experiments were based on examining 
how the initial homogeneous distribution of photosynthetic system changes during 
the successive growth under the condition imitating natural plant community. Seven 
or twelve shallow glass dishes in the same size (diameter: 17cm., depth: 2.5 cm.) 
were piled up, each of which contained an identical quantity of Chlorella ellipsoidea 
suspended in 200 ml. culture solution. The side wall of the piled dishes was kept light- 
proof with a sheet of black paper, so that light could penetrate only through the 
top, and it was decreased gradually towards the base mainly by shading effect of the 

Rel. Light Intensity Chlorella Density suspended Chlorella. These experi- 
fo) 50 100% 3 Smif. ments were undertaken in autumn 
(1954) and in late winter (1955) in 


a green house. 


Anexample of the development in 
the vertical structure obtained from 
the experiments is illustrated in Fig. 
3, and the physiological characters of 
the algae at the latest stage are 
summarized in Table 1. It is obvious 
that these experimental curves ac- 
cord with the theoretical ones in Fig. 


Fig. 3. Development of vertical distri- 
bution of Chlorella ellipsoidea and relative 
light intensity in piled dishes. Initialcon- curve at the later stage corresponds 
centration of Chlorella suspension is 1 mg./I.. 


Samples were taken 10, 24, and 46 days after f 
ar aeion, higher value of constant c. 


2. It may also be noticed that the 


to a curve obtained in the case of 


Table 1. Physiological characters of Chlorella ellipsoidea cultivated within piled 
dishes for 45 days. Net photosynthesis (7000 lux, 20°) and respiration (18°) were 
measured by Winkler’s method. p.c.v. stands for packed cell volume. 


Petri dish No. 


bo 
a 
D> 
oo 


10 12 


Net photosynthesis 
mg. O,/hr. ml. (p.c.v.) 21.8 1997 I 7 I 2 ey, 2 Tih 


Respiration 
mg. Os/hr. ml. (p.c.v.) 0.94 0. 80 0.91 0.85 = 0.94 


Chlorophyll content 
mg./ml.:(p.c.v.) ae) 6.0 Ta) W2RS) IS 8.0 


Further modification of the formula 


In the real land plant community (cf. Fig. 1) the leaf density decreases not only 
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in the lowermost part but also in the uppermost 
part. This decrease in leaf density in the upper- 


most part is able to be expressed by revision of the 
Equation (6) or (8), introducing an assumption 
that each individual plant in the community takes 
an apparent form as illustrated in Fig. 4, typical 
example of which is met with in forest trees. 
Namely, provided that the plant form is expressed 
with d(x) (see Fig. 4) and the plants are distributed 
in a regular triangle disposition, /’(*) would be 
now revised as following F(x). 


Fig. 4. Schematic diagram of 
a plant form. 


When x=0~¢"'( 2) 


o(x) 
9 


ee ry ea 

FQ=Fa 7 { yT{x—b- Wy} dy 
0 

(9) 


and when x=¢71(¢)~co 


/2 


d, 
9 
Fa= aq |2mlE-o Ody 
0 


where d denotes the interval between two individuals. 
Now, if ¢(x) is approximated with the equation, 


1 
so) =( ides if (m and n are constants) 
i n?+x/ , 
Mean value of ¢7'(y) is enough small in comparison with x, and Equations (9) are 
rewritten as follows. 


nd? 
When 1=0~ 77 
ee: mx i ( n’ Fh yer ! 
FO=Fa Rom a nee ee 2 (10) 
d when z=" _~ 
on ~ 4? —@? 
epee net Ma) —n(metn a —@s\rrca)\ 
38a m—d?/4 


Curve F(x) is characteristic in the sharpness of the top part, as shown in Fig. 5, 
therefore, just the typical distribution-structure of the land plant community was 
obtained here. 
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Furthermore, we can obtain curves of various 
shapes according to the difference of population 
density, as the decrease of the interval d implies 


the increase of population density. Such calculation 


shows that the greater the population density, the 
more the leaves are compressed at the upper part, 
as seen in Fig. 5. This phenomenon has been real- 
ized in an experimental cultivation of Fagopyrum 
esculentum with three grades of density (ISuroiwa 
and Monsi)°) 

Also the phytoplankton distribution in lakes often 
shows the similar curves of decreasing density in the 


uppermost part,) to the typical structure curves 


of land plant communities. For this distribution, 

Fig. 5.Vertical density-dis- 
tribution of photosynthetic 
system in land plant commu- ton by too strong light') seems to be responsible, so 


however, the inhibited photosynthesis of phytoplank- 


nity calculated with theoreti- that another modification must be adopted here. Em- 
cal Equation (10), in which 


Pe eee ploying an equation which represents such light- 


photosynthesis curve characteristic of phytoplankton 
in stead of hyperbola in Equation (2), we can easily obtain a top-diminished distri- 


bution curve just concerned. 


Ecological meaning of the equations 


The theoretical equations have proved their soundness and the applicability to 
ecological situation as shown in the foregoing. It may have a great meaning to 
interpret clearly the close interrelationships between productive structure and pro- 
ductivity, and between ‘action’ and ‘reaction’ (after Clements) by means of these 
equations. 

Productive structure will be defined as the structure which determines produc- 
tivity. Equation (4) indicates that the vertical distribution-structure of leaves I(x) 
as well as the extinction coefficient A determines the light intensity at x, and thus 
further determines productivity g according to Equation (2). Therefore, both the 
vertical distribution-structure of leaves and the extinction coefficient are the major 
factors determining productivity, and consequently they are the important constitu- 
ent factors of productive structure. 

On the other hand, effects of productivity upon productive structure are inter- 
preted as follows. Equation (1) indicates that productivity q is a determining factor 
for the formation of vertical structure of leaves I(x). The influence of productivity 
q seems not to be so direct upon the extinction coefficient K, as upon the vertical 
distribution-structure /’(%), and the extinction coefficient ordinarily appears to be 
independent of the productivity. Taking longer evolutional period into consideration, 
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(ce) 
oo 


however, it may be admitted that also the latter plays an important role in deter- 
mining the direction of historical change of the former, because the characters of a 
plant species, including the extinction coefficient, may not be maintained without 
survival of the species, which can be supported only by the higher productivity 
under given environmental conditions in a long period. 


Ace Eq. (1) ROCs eros 


Productivity | a Eq. (2) Eq. (4) iC ee 


: ee Owe. 
(Environment) — 


The interrelationships between a plant or plant community and its environment, 
which are usually analysed as ‘action’ and ‘ reaction’ after Clements, will be elucidated 
by means of this formulation more clearly. The environment acts on the plant and 
modifies the plant in its structure, and the plant reacts on its environment and 
changes more or less the environmental factors. Concerning production of matter, 
the plant or plant community can be divided into two opponent factors, i.e. produc- 
tivity and productive structure. 


(Productivity < uals | » 
| | Eq. (2) Light Intensity , 

Plant I\ Eq. (1) | Environment 
I Eq. (4) | ete: 


Banco Structure ~ Reaction 


The ‘action’ of the environmental factors, under mesophytic condition, first ex- 
presses itself as influence of light intensity on the productivity. Equation (2) indi- 
cates such relationship. The influences of the other environmental factors, such as 
temperature, water, carbon dioxide, nutrient salts, etc. express themselves in terms 
of the changes in the shape of light-photosynthesis curves!'®),!, that is, changes of 
values of the constants a, ) and r in Equation (2). The productivity varied by the 
‘action’ reveals itself in the development of the productive structure according to 
Equation (1), being influenced by the genetical characters of the species and by 
further ‘action’ of the environmental factors on the structural development process. 
The changed productive structure reacts on the environment, following Equation 
(4), in the light intensity in the plant community, and in the other factors such as 
temperature, humidity, carbon dioxide concentration, soil relationships, etc. Among 
them, the first and the third have been discussed in detail by Kuroiwa and Monsi”, 


and Midorikawa”). 


Summary 


1. Concerning the vertical light distribution and density-distribution of leaf or 
phytoplankton, theoretical equations have been formulated [Equations (5), (6) and 
their simplified forms, Equations (7), (8)], on an assumption that such density- 
distribution is formed proportionally to the productivity of leaves or phytoplankton. 
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2. Theoretical curves thus obtained are practically of the same type as the curves 
obtained in a phytoplankton community in stagnation period of waters and they also 
accord well with the characteristic of the lower part of leaf distribution in the 
land plant community. 

3. In order experimentally to prove these theoretical equations, seven or twelve 
shallow glass dishes were piled up, each of which contained 200ml. of Chlorella 
ellipsoidea suspension in the same concentration. The development of vertical C/lorella 
distribution (Fig. 3) accorded considerably well with that calculated with Equation 
CO) igs 2): 

4. By referring to the common growth form of land plants (Fig. 4), theoretical 
Equation (6) or (8) has been revised as Equation (10), which well expresses the 
characteristics of the vertical leaf distribution of land plant community (Fig. 5). 

5. Interrelationships between productive structure and productivity of plant 
community, and between ‘action’ and ‘reaction’ were interpreted, based upon the 


theoretical equations. 


The authors should express their thanks to Prof. T. Mori for very helpful sug- 
gestions as to mathematical formulation in this study. Also to Prof. M. Monsi, Prof. 
Kk. Hogetsu and Dr. S. Ichimura, the authors are indebted for much valuable advice 


during this work. 
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WAH ABGKIS ko TA BN SiR ELMAR ORORA DANS < OMI CIBECR ), ¥EWIGO HY 
7777 bY OPRMSICS SEEDS ARCH S, HAMKOBAD HOC OLS cyt yk eae 
WAT O7TIBIC, MORE — BRA OF ROR ICS SKARROMMT OCOKPENI LE UTI 
SNS— &, KHLHARAOMAORNMKRDD, JE EER MA O HE A DRO % Bab L7 (st(5), 
(6), PFRILIARIC < BAT PBVOT, ONE BMT S L— AMM est (7) E (8) CHS, THEO 
HB ash D> A DN SHARAOBEN HOW (Fig. 2) LLL LIES DNSMMIIY 7 RY ODHO 
WERSICTHD, BERR CUD HBO FORD EC RBS S, CHORMRNEMES 2kw, AE 
Ov, Ve 7~12 RRAHh, TOMB EMCEE, JE EROELBDOSBATSEIEL, & 
Ya — VICILEtO Chlorella ellipsoidea % AI, YRC HER Lic, AHRRE E4ICBROY ¥—-—vics 
WOERESLHODMICZRS DH Hh (Fig. 3), CHS (tM gk > OSH AN SHAD (Pig. 2) tk 
S-RLK, EB LMOREOLO RAD HIB LBRO RICHY CHRMROLNLEDRSR, bhp 
Vim SMO SA OBRe SLC, LRO DEC Rt SH LV Magst (10) FMS Le (Fig. 5), 
SBF EE OBE ISIS UTE F ODEO BLS UR DSM S55, ULONEHKARKORED A 
2D ES SPRL, EN, BLOM L ROMA ORREMARLMETHODIC LI. 


A Paper Chromatographic Survey of Gibberellins and Auxins 


in Immature Seeds of Leguminous Plants 
by Yutaka MURAKAMI* 
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The gibberellins, which are metabolic produts of the fungus Gibberella fujikurot, 
promote the growth of many plant species). In particular they greatly stimulate 
the growth of the Japonica type of rice plants. Studies on the mode of action of 
gibberellins in cereal leaves led the writer to advance the fact that growth promoters 
distinct from auxins participate in the plant growth regulating system”. Recently 
extracts which possess similar activity to that of gibberellins have been obtained from 
the seed of several higher plants?)?). MacMillan and Suter‘) have isolated gibberellin 
A, from the seed of Phaseolus multiflorus. 

This article reports the results of a paper chromatographic survey of gibberellins 
and auxins which are present in immature seeds of 15 species from different genera 
of Leguminosae. 


Materials and Methods 


The following species were examined: Dolichos Lablab, Vigna sesquipedalis, 
Phaseolus angularis, Canavalia gladiata, Glycine Max, Pisum sativum, Arachis hypogaea, 
Robinia pseudo-Acacia, Wistaria floribunda, Medicaga sativa, Cytisus scoparius, Maackia 
amurensis, Sophora angustifolia, Cercis chinensis and Albizzia Julibrissin. 

The methods of plant extraction, chromatography and bioassay are essentially 
similar to those used in the previous paper?). 

Extraction: Immature seeds taken from pods were covered with ether and allowed 
to stand for 2 days at room temperature. The solution was then filtered and the residue 
was extracted again for further 2-3 hours. The combined extract was evaporated 
under reduced pressure and the residue was dissolved in a small volume of acetone 
for paper choromatographic studies. 

Paper chromatography: Suitable quantities of the extracts to be examined were 
developed on paper chromtograms with the solvent mixture of isopropanol/water/ 
ammonia (D=0.88) (10: 1: 1) at about 27° for 16 hours using the ascending technique. 
The solvent front travelled 32cm. under these conditions. Indoleacetic acid CIAA) and, 
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occasionally, gibberellin A mixture were run in parallel with plant extracts in order 
to determine their standard position. The paper was then dried and cut lengthwise 


into strips of 2cm. in width. The strip was again cut into 2cm. sections at right 


Length of the second leaf-sheath (cm.) 


Gibberellin A, (mg. 


Fig. 1. Response of the second leaf-sheath 


of rice seedling to gibberellin As. 
daylight conditions at about 25-28°. They were supplied 
with 0.5 ml. water every day. The length of the second 
A result typical 


leaf-sheath was measured after 7 days. 


of the rice seedling method is given in Fig. 1. It showed 
that the lower limit of sensitivity is at concentration of 
0.05 mg./1 gibberellin A,. IAA and kinetin were found to 
have no effect over the range 0.1 to 10mg./l in this 


bioassay. 


Auxins were measured by the straight-growth test 
using oat coleoptiles. The coleoptile sections 5.1 mm. in 
length were placed on each paper piece immersed in 
0.5 ml. of distilled water. The beakers were then allowed 


angles to the direction of the solvent flow. 
Fach piece thus obtained was placed in 
beakers 3cm. in diameter and 7cm. in height 
and bioassayed. The fresh weight of seed 
material, from which each extract was 
obtained, is given in brackets with the name 
of the species in the legend of Figures 3 
and 5. Colour tests for indole compounds 
were carried out on the strips with Ehrlich’s 
reagent (2g. p-dimethylaminobenzaldehyde 
in 20 ml. HCl+80 ml. ethanol). 

Bioassay: The gibberellin-like activity 
was measured by the rice seedling method”, 
Which is specific to gibberellins. In this 
method five seedlings, whose coleoptiles 
attained about 1mm. were planted on each 
paper piece immersed in | ml. distilled water 


and allowed to grow under the ordinary 


6 


Section length (mm.) 


IAA (mg./1.) 


Fig. 2. Response of Avena 
coleoptile section to 


to stand in the dark at 27° and the length was measured LAA 
after 18 hours. The growth of Avena sections under (iiGiat dense sckmetwon 
these conditions is shown in Fig. 2. IAA at 0.01mg./l was 3.1mm.. Test solution 


caused a slightly lesser growth than water and the lower 


was 0.5 ml.. 


limit of sensitivity was at 0.1mg/1 IAA. Their response to gibberellins is very small”. 


Results and Discussion 


The results of gibberellin-like activity are summarized in the form of histograms 
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showing the length of rice leaf-sheath on chromatograms. Although impurities in 
the extracts caused variations in both the Rf and the tailing of the active substances 
on chromatograms, the form of histograms may be classified into three types 
depending on the position of growth-promoting activity. Arachis hypogaea (Fig. 3-A), 
Cytisus scoparius (Fig. 3-C), and Wistaria floribunda (Fig. 3-1) are representative 


species of each type, respectively. 


Length of the second leaf-sheath of rice seedling (cm.) 


0 


Fig. 3. Histograms showing gibberellin-like activity of ether extracts of immature 
seeds of Leguminosae after paper chromatographic development with ammoniacal iso- 
propanol. Broken lines denote water controls. Arrows at the top of the histograms 
indicate positions of IAA (Rf=0.45), gibberellin A CRi= 0075) -anderan CRF=0. 85), ‘re- 
spectively. 


A, Arachis hypogaea (14 g.); B, Robinia pseudo-Acacia (12 g.);  C, Cytisus scoparius 
(10 g.); D, Sophora angustifolia (4.5 g.); E, Phaseolus angularis (24 g.): F, Vigna ses- 
quipedalis (30 g.); G, Glycine Max (10.5 g.); H, Dolichos Lablab (28 g.), I, Wistaria 
floribunda (3.2 g.); J, Maackia amurensis (2 g.); K, Albizzia Julibrissin (30 (Gos Ih. 
Cercis chinensis (8.4 &.); M, Canavalia gladiata (9 g.); N, Pisum sativum Gee © 
Medicago sativa (4.9 g.), 


I 
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There were two growth-promoting zones on the chromatogram of the extract of 
immature seeds of Arachis hypogaea. One zone corresponded to the position of 
gibberellin A and the other promoting zone had an Rf value far less than that of 
gibberellin and lay near the starting line. The Rf value of the latter zone was of 
the same order as that of the growth-promoting zone of Wistaria floribunda. Similar 
two peaks of growth activity were also found with the extract of Robinia pseudo-Acacia 
(Fig. 3-B). However, the peak near the starting line of the chromatogram was much 
lower than that of Arachis hypogaea. 

There was one growth-promoting zone corresponding to the position of gibberellin 
A on the chromatogram of Cyfisws scoparius. The histogram of Sophora angustifolia 
(Fig. 3-D) was similar to that of Cytisws. Although their growth activity near the 
position of gibberellin A was rather irregular, the extracts of Phaseolus angularis 
(Fig. 3-E) and Vigna sesquipedalis (Fig. 3-F) seem to belong to the type of the 
Cytisus histogram. This irregularity may be considered to be due to growth- 
inhibiting substances, which were also found in the extracts and lay close to the 
growth-promoting area on the chromatogram. As previously reported”, the rice leaf 
growth-promoting substance in the bean (Phaseolus vulgaris) extract was found to 
have the same Rf value as that of gibberellin A. Very recently, MacMillan and 
Suter? announced the isolation, in pure form, of gibberellin A, from immature seeds 
of Phaseolus multiflorus. The four known gibberellins, A,, A,, A, and A,, could not 
be distinguished from each other on the basis of Rf values in the solvent system 
used. Therefore, the substance responsible for the growth promotion in this zone 
must be either one of the gibberellins or a mixture of them. 

On the other hand, only one && 
growth-promoting zone lying in a 
zone of Rf 0.1-0.2 was detected in 
Wistaria floribunda (Fig. 3-1). The 
response of rice seedlings to the 
eluate from the zone near Rf 0.1 of 
its chromatogram is illustrated in 
Fig. 4. Rice seedlings treated with 
this eluate grew taller and their 
appearance was similar to that of 
gibberellin treated plants. As al- 


ready mentioned, the four known Fig. 4. Response of rice seedlings to gibbere- 
gibberellins could not be separated — llin Aand gibberellin-like substance from Wistarta 
floribunda. 
er on the chromato- 
ee Left, control; center, treated with the eluate 
era and: they jwete locahed. sear from a chromatogram zone corresponding to 
Rf 0.7 value. The Rf value of 0.1- — Rf 0.06-0.12 in Fig. 3-1; right, treated with 


0.2 of the active material from gibberellin A (0.5 mg./I.). 


Wistaria differs from that of the known gibberellins. Therefore, the compound 
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detected on the chromatogram and responsible for its growth-promoting activity on 
rice seedling may not be identical with any of these compounds. Immature seeds 
(of 8mm. length) of Maackia amurensis (Fig. 3-J) contained considerably higher 
concentrations of a gibberellin-like substance similar to that of Wvstaria and its 
content was almost equivalent at least to 5 vg. gibberellin A per gram fresh weight of 
the seed. Thus it is very desirable to elucidate its chemical nature. Similar 
histograms, which showed more or less lower growth-promoting activity, were also 
found with the extracts of Albizzia Julibrissin (Fig. 3-K), Cercis chinensis (Fig. 3-L). 
Canavalia eladiata (Fig. 3-M), Pisum sativum (Fig. 3-N) and Medicago sativa (Fig. 3-O). 

The growth-promoting activity detected on chromatograms from extracts of seeds 
of Glycine Max and Dolichos Lablab was very weak as shown in Fig. 3-G and H. 
This does not necessarily imply the absence of gibbirellin-like substances, but the 
possibility cannot be excluded as to the presence of a much higher concentration of 
growth inhibitor on the paper chromatogram. 

Fig. 5 shows the results of the auxin bioassay on the chromatograms of the 
extracts from the immature seeds of various plant species using Avena coleoptile 
sections. On every chromatogram of the extracts, except for that of Albizzia Julibrissin 
(Fig. 5-K), Cercis chinensis (Fig. 5-L) and Medicago sativa (Fig. 5-O), three growth- 
promoting zones were detected. 

The central active area corresponded to the position of JAA marker spot. 
Despite of this, the presence in this area of substances with indole nucleus, as shown 
by the development of characteristic colour with Ehrlich’s reagent, could be 
established only in the extract of Canavalia gladiata, Glycine Max, Wistaria floribunda 
and Arachis hypogaea, while the extracts from other species failed to give the positive 
reaction. The possibility remains that pigments contained in extracts might interfere 
with the development of colour. 

A zone with considerable growth-promoting activity was also observed near the 
solvent front in every histogram. The Rf value was similar to those of indoleaceto- 
nitrile CAN) or ethyl indoleacetate (EIA). On the paper chromatograms obtained 
from Glycine Max, Pisum sativum, Arachis hypogaea, Robinia pseudo-Acacia, Medicago 
sativa and Sophora angustifolia, a purple colouration with Ehrlich’s reagent appeared 
near the region of Rf 0.9. No coloured spots could be detected on the chromatograms 
of other species. Fukui, Teubner, Wittwer and Sell® also observed that an auxin in 
the maize pollen, which had similar Rf value to that of IAN and EIA, gave colour 
reaction neither with Ehrlich’s nor with Salkowski’s reagents. It may therefore be 
considered probable that EIA and IAN are not the only growth substances responsi- 
ble for the growth-promoting zone of Rf 0.9. 

In addition, the third growth-promoting zone was noted near Rf 0.1. This pro- 
motion may be partly due to the presence of a substance for which Bennet-Clark 
and Kefford?) have suggested the term accelerator a. Stowe and Thimann®), after 
comparing chromatograms of synthetic indolepyruvic acid with those of a maize seed 
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Fig. 5. Histograms showing auxin-like activity of ether extracts of immature seeds 


of Leguminosae after paper chromatographic development with ammoniacal isopropanol. 


A, Arachis hypogaea (7 g.); 8B, Robinia pseudo-Acacia (4 g.): C, Cytisus scoparius 
(5 g.); D, Sophora angustifolia (2.5 g.); E, Phaseolus angularis (12 g.); F, Vigna 
sesquipedalis ( 10 g.); G, Glycine Max (3.5 g.); H, Dolichos Lablab (14 g.); I, 
Wistaria floribunda (1.6 g.); J, Maackia amurensis (4 g.); K, Albizzia Julibrissin 
(10 g.); L, Cercts chinensis (2.8 g.); M, Canavalia gladiata (3 g.); N, Pisum sativum 
(4 g.); O, Medicago sativa (1.6 g.). 


Further explanations are as in Fig. 3. 


extract, concluded that accelerator a and indolepyruvic acid are identical. However, 
other workers®,19 have not yet agreed with their conclusion. In this experiment 
it was difficult to detect a typical indole colour directly with Ehrlich’s reagent on 
paper chromatograms, because a large quantity of coloured substances were present 
in this area. 

A zone with Rf value greater than that of IAA showed inhibition of coleoptile 
section growth. It appears that the substance in this zone might be identical with 
the inhibitor § of Bennet-Clark and Kefford?. As previously described, these regions 
also inhibited growth of rice seedlings. 

The results of experiments above described indicate that not only auxins, but 
also gibberellins and growth inhibitors occur in the immature seeds of leguminous 
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plants. The occurrence of the activity similar to that of gibberellin was also found 
in the extracts of pea seedlings!, inflorescences of Brassica napus‘2), and suckers 
of Citrus Unshiu'). At the present time, it is always presumed that cell elongation 
in plants is controlled exclusively by auxins. Indeed, auxins induce growth of tissue 
sections excised from growing zones. They, however, have little effect on the elon- 
gation of intact plants. This in turn leads the writer to suspect that a growth 
factor or factors other than auxin may be operating in the plant growth regulating 
system. We now know that the gibberellins promote growth of intact plants and that 
they are produced naturally in higher plants. Thus the writer wants to assume that 


without gibberellin there is no elongation. 


Summary 


The distribution of gibberellins and auxins in immature seeds from 15 different 
genera of Leguminosae has been studied by paper chromatography. 

Gibberellins were bioassayed by rice seedling method and auxins by Avena 
straight-growth test. Both gibberellins and auxins were detected in almost all seed 
extracts examined. 

Two zones of gibberellin-like growth promotion were shown on the chromatograms 
developed in the mixture of isopropanol/water/ammonia (10:1:1). The activity of 
the one with Rf 0.7-0.8 was attributed to the known gibberellin A, while that of the 
other with smaller Rf value of 0.1-0.2, was due to a new gibberellin-like substance. 

On the other hand, three zones of auxin-like growth promotion were present on 
the chromatograms. They had similar Rfs to IAA, IAN and the accelerator a of 
Bennet-Clark and Kefford, respectively. The zone with Rf of the inhibitor § of Bennet- 
Clark and Kefford inhibited the growth of rice seedling as well as that of Avena 
coleoptile section. 


The writer wishes to thank Prof. T. Miwa for his kind revision of the manu- 
Script. 
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In my previous studies on the accumulation of starch grains in a detached leaf 
of Elodea densa, it was found that the chloroplasts, after isolation into the intra- 
cellular space intervening between cell wall and plasmolyzed protoplasm by means 
of plasmolysis, are still capable of producing starch grains, whereas the chloroplasts 
surrounded by the mother cytoplasm containing a nucleus scarcely produce starch 
grains even in the light (Ueda, 1949, 1958”). Similar observations were described 
by Yoshida (1956*)) on the chloroplasts remained in fragmented cytoplasm within a 
single cell of Elodea leaf. According to him, in a cytoplasmic fragment containing 
nucleus, the chloroplasts become less and less active in starch formation resulting in 
a consumption of pre-existing starch grains, while in the cytoplasmic fragment lacking 
nucleus an active formation of starch takes place, until the chloroplasts are filled 
with starch grains in eight day culture. 

From these observations, it is apparent that the Elodea-chloroplast continues to 
form starch grain even in the absence of nucleus, whereas it appears that the nucleus 
takes part chiefly in the digestion of accumulated starch grains (Ueda, 1958”,*). 
In this connection, it is important to know whether or not starch grains formed 
in chloroplasts in the presence of non-nucleated cytoplasm can be digested, when the 
starch-containing chloroplasts are put back again into the mother cytoplasm with a 


nucleus. The present paper deals with some experiments carried out chiefly in order 
to answer this question. 


Materials and Methods 


Midrib cells in a leaf of Elodea densa were used throughout. In Elodea leaf cells 
treated with CaCl,-solution, some of the midrib cells were easily plasmolyzed to form 
several chloroplast aggregates as well as cytoplasmic fragments within a cell Cig, I). 
In this experiment, CaCl,-solution was used at the concentration of 0:2, (0Zo cand 
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0.3 M, respectively. In each plasmolyticum, Elodea leaves were cultured for several 
days under the fluorescent lamp (20 W) at 10cm, distance (temperature: 30+2°), 


chloroplast nucleus plasmolyzed cytoplasm 


Fig. |. Midrib cell of Elodea densa plasmolyzed with CaCl,-solution, showing 
an aggregate of chloroplasts (left), a cytoplasmic fragment containing both 
chloroplasts and a nucleus (middle), and a cytoplasmic fragment containing 
chloroplasts but not a nucleus (right). 
In a few days, chloroplasts alone or those with non-nucleated cytoplasmic fragment 
accumulated starch grains, whereas the chloroplasts in a nucleated cytoplasm became 
yellowish in color and did not form starch grains. 

In order to recover the initial situation, the centrifugal force (12,500 rpm.) was 
applied to the plasmolyzed cell in its axial direction for 5 minutes (at 38°). Thereby, 
some cytoplasmic fragments fused together and the chloroplasts accumulating starch 
grains were driven into the nucleated mother cytoplasm. The same result was obtained 
on cultured cell as well by means of deplasmolysis using distilled water. In both cases, 
the treated leaves were cultured further under illumination with a fluorescent lamp 
(20 W) at 10cm. distance (at 3042°). The behavior of each chloroplast was carefully 
examined under the microscope, and the starch was detected by iodine staining, and 
reducing sugar was measured with Fehling’s reagent. 


Results 


The chloroplasts in a single cell, which were divided into several cytoplasmic 
fractions by means of plasmolysis, are almost identical with each other in microscopic 
appearance at an initial stage (Fig. 1). As time goes on, however, conspicuous dif- 


chloroplast containing nucleus degenerated chloroplast 
starch grain 


Fig. 2. Midrib cell of Elodea densa plasmolyzed with 0.3M CaCl,-solution 
and cultured therein for 7 days. Aggregate of chloroplasts containing starch 
grains (left); starch-containing chloroplasts in non-nucleated cytoplasm (right); 
small, granulated chloroplasts in nucleated fraction of cytoplasm (middle). 


ference comes into appearance among the chloroplast groups especially in their color, 
size, shape, and starch grains included. After several days, the chloroplasts, either 
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in an aggregated form or in non-nucleated cytoplasmic fragment, maintained their 
green color and produced an appreciable amount of starch, while the chloroplasts in 
nucleated mother cytoplasm became paler in color, smaller in size, and sometimes 
granular in structure, and did not form starch grains; moreover, pre-existing starch 
grains, if any, were completely digested (Fig. 2). In higher concentrations of the 


plasmolyticum used, the difference becomes more conspicuous. On treatment with 0.2 


chloroplast having starch grain nucleus degenerated chloroplast 
Fig. 3. Midrib cell of Elodea densa plasmolyzed with 0.25M CaCl,-solution 
and cultured therein for 7 days. Two cytoplasmic fractions initially separated 
come into contact with each other due to deplasmolysis, but do not fuse. The 
chloroplasts in the non-nucleated cytoplasm produce starch (left), whereas those 
remaining in nucleated mother cytoplasm do not form starch grains, but 
degrade altogether into granulated bodies (right). 


to 0.25 M CaCl,-solution, some of the separated cytoplasmic fragments were gradually 
deplasmolyzed and brought into contact with each other, but did not fuse (Figs. 3 and 


4). Of course, further change could not be observed in both chloroplast groups in 
these cases. 


Fig. 4. Photographic representation of a cell corresponding to the left 
half of Fig. 3. 


After centrifugation, however, the remote or adjacent fragments of cytoplasm 
were sometimes fused altogether and the starch-containing chloroplasts were also 
put back into the mother cytoplasm. The same cytoplasmic recovery could be brought 
about also by means of rapid deplasmolysis using distilled water. By these techniques, 
a concomitance of large green chloroplasts and small yellow ones could be induced 
within a common cytoplasm, as shown in Figs. 5 and 6. Under the microscope, all 
plastids were found in movement in accord with the protoplasmic streaming. 
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nucleus 


Fig. 5. Concomitance of two types of chloroplast in the cytoplasm admixed 
by centrifugation. 


Consecutive observations on these 
chloroplasts obtained have revealed the 
following facts: Starch grains in the 
large, green chloroplasts are consumed 
thoroughly in two or more days even in 
the light, resulting in a conspicuous defor- 
mation of chloroplasts into dish-like bodies 
due te the loss of starch grain. These 


chloroplasts underwent a _ remarkable 


change in color and size, and degraded 


mr 
Fig. 6. Photographic view of the 


at last into yellowish green, granulated chloroplasts shown in the middle part 
bodies. A diagrammatic representation of Fig. 5. 
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Fig. 7. Diagrammatictrepresentation of the successive change in chloro- 
plasts grown in a mixedcytoplasm. A: large and green chloroplast containing 
starch grain (top view), A’: lateral view of the above. B: small and yellowish 
green chloroplast having no starch grain (top view), BY’: lateral view of B. 
The numerical figures at the bottom show the duration of culture in days after 


admixing. 


of these results is shown in Fig. 7 (cf. Fig. 8). 
In order to obtain further evidence for the conversion of starch into reducing 


sugar, the content of the latter was measured by Fehling’s reagent on three kinds 
of cytoplasmic fragment; namely, nucleated, non-nucleated, and admixed cytoplasm. 
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The results were shown in Table 1, from which 
it is found that the amount of starch in chloro- 
plasts is inversely proportional to that of reduc- 
ing sugar present in the cytoplasm. 


Fig. 8. Photographs showing the successive 
change of chloroplasts in the admixed cytoplasm. 
Top: large chloroplasts are green and contain starch 
grains, while the smaller ones yellowish green 
and granulated (taken after one day period after 
being admixed). Bottom: same cell as shown in the 
top figure. Green chloroplasts (arrowed) become 
smaller, somewhat granulated, and lose starch 
grains. Yellowish green chloroplasts become smal- 
ler, too. Photographed on the 5th day after the 
cytoplasm being admixed by centrifugation. 


be 


Table 1. Average amount of starch grains and reducing sugars measured 
in two types of cytoplasmic fragment and in an admixed cytoplasm. (—: none, 
+: minute amount, :}+: small amount, t+: large amount, +: remarkably large 
amount of starch and reducing sugar, respectively). 


Duration of culture 0 1 
(in days). 
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(a) Cytoplasm without 


(b) Cytoplasm including a 


nucleus 
Starch grain in chloro- + + 4 fit 4H 4h 4H tit 
plasts 

Reducing sugar + + ae ab ae + ah a i= 


nucleus 
Starch grain in chloro- SI a a3 = = = i | i 
{ plasts 

Reducing sugar oa = + an ++ tt Ht Ht Ht 


Continued from the above 


Mixture of (a) and (b) 


culture: 


fates grain in chloro- 1 eis — — x = = — is 


plasts* 
Reducing sugar Tih tt tit tit tit Ht dit 4 


* Chloroplasts derived from the fragment (b) do not recover the capacity of 
starch formation. 


Discussion 


In the above experiments with Elodea-leaf cells, it was shown that the chloroplast 


with or without cytoplasm has a capacity of accumulating starch grain in itself in 
the absence of nucleus, whereas in the nucleus-containing cytoplasm the starch 
grains appear to be consumed so rapidly that they are scarcely accumulated in 
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the chloroplast. Similar observation was also described by Yoshida (1956). The starch 
grains in the chloroplasts are rapidly consumed, when these chloroplasts are replaced 
into the cytoplasm containing a nucleus. This indicates that the chloroplasts have 
an inherent property of starch formation, which is, however, veiled usually by nuclear 
activity directed preferentially to the digestion and successive utilization of starch. The 
nucleus plays, indeed, an important role in the digestion of starch grains primarily 
formed in the chloroplasts. 

In parallel with the digestion of starch grains, the reducing sugar was found to 
increase gradually in the mother cytoplasm. The same fact was ascertained in the 
case of admixed cytoplasm, which was prepared by centrifugation or deplasmolysis 
from separated cytoplasmic fragments within a single cell. 

In consequence, it appears that in Elodea leaves the chloroplasts are always going 
their ways to form starch grains on one hand, and the nuclei are contributing, in 
turn, to a successive degradation of assimilated starch into reducing sugar, so as 
to make it available for further metabolic transformations. 


Summary 


1. Using midrib cells of a detached Elodea leaf, the cytoplasm was separated, 
by means of plasmolysis, into two or more cytoplasmic fragments with or without 
nucleus, whereby several types of chloroplast aggregates were observed in a single 
cell. 

2. In the absence of nucleus, either aggregated chloroplasts or chloroplasts in 
the cytoplasmic fragment remained green and accumulated starch grains, whereas 
the chloroplasts in the mother cytoplasm containing a nucleus showed the symptom of 
degeneration in size, color and structure, as well as the depletion of starch grains. 

3. When the chloroplasts accumulating starch grains were brought into the 
nucleated mother cytoplasm by centrifugation or deplasmolysis, the starch grains 
in chloroplasts disappeared in a few days even in the light, while the chloroplasts 
outside the mother cytoplasm continue to produce starch grains. 

4. With Elodea leaves it was demonstrated that the nucleus plays an important 


role in the digestion of starch grains in the chloroplasts. 


I should like to express my sincere thanks to Prof. Tomoo Miwa in the Tokyo Unt- 
versity of Education, and Prof. Bungo Wada in the University of Tokyo, for their 
invaluable suggestions and encouragements. 
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Summary 


Microorganism which was discovered and identified as Micrococcus glutamicus by 
Kinoshita et al. was studied from the View-point of cytology. 


1. Small polar granules were observed when stained with methylene blue or 
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by Giemsa staining. These granules appear at the polar :parts of cell when ™. 
glutamicus was incubated in the synthetic medium. They were clearly observed at 
the early stage of growth. 

2. Large rod-like cells were thought to be multicellular form due to incomplete 
cell division. 

3. This organism does not produce septa in the synthetic medium when more 
than 107/1. of biotin is added to the medium. 


4. Nuclear division is thought to be amitosis. 

o. This organism does not show acid-fast character. 

6. Glycogen and granulose were not observed. 

7. Fat droplets were observed clearly. 

8. Capsule was not observed. 
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Seite 409, Zeile 23: statt Abhndgigkeit lies Abhangigkeit. 


Seite 410, in der Tabelle 1: statt Lage der ersten Bliiten lies 
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Introduction 


In research of the three-dimensional character of the fine structure of diatom 
frustules, it is very helpful to prepare the stereoscopic electron micrographs” of them. 

By this reason, I will describe the fine 
structure of the diatom frustules presenting 
their electron stereomicrographs. You can 
easily set up a stereoscope by fixing a pair of 
magnifying-glasses of unity power of about 
two magnifications at the same distance apart 
as your two eyes. View each pair of the 
stereomicrographs presented here through a 
stereoscope held close to your eyes, then you 


can get a sharp stereo-image of the micro- 


graphs (Text-fig. 1). Text-fig. 1. Schema for stereoscopy. 


When the pair of stereomicrographs pre- & Eye. g, Magnifying-glass. m, Stereo- 
micrograph. s,Stereoscope with paral- 


sented here is viewed through such a stereo- (a entedad suck aeesint 


scope with parallel visual axes as shown in 

Text-fig. 1, the stereo-image will be exactly the same as the explanation 
view” or the “outside view” in the Plates. On the other hand, if the stereo-pair 
is viewed through a stereoscope with crossed visual axes, the stereo-image will be 
opposite to the explanation. Further, you can get a stereo-image from the micro- 
graphs by the following way without the help of a stereoscope. Place a pair of 
stereomicrographs about 30cm. from the eyes and try to see your own nose first. 
In doing that you will be able to make the visual axes of your eyes cross. Keeping 
the position of eyes in that way, try to see the micrographs and bring them near or 
take them away from eyes until you can get a sharp stereo-image of them. In 


“e 


inside 
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doing such adjustment always try to keep your eyes cock-eyed. In this way by the 
naked eyes, the stereo-view will be opposite to the explanation as in the previous 
way. 


Description of fine structure 


Coscinodiscus Wailesii Gran and Angst (Text-fig. 2A; Pl. I, Figs. 1, 2) 

Syn. Coscinodiscus Janischii A. Schmidt, Okuno, Bot. Mag. Tokyo, 62: 137, pl. 4, 
Figs. 4-6 (1949), 65: 160, pl. 1. Figs. la-1b’ (1952); Okuno and Kurosawa, Bull. Fac. 
Text. Fib. Kyoto Univ. Ind. Arts and Text. Fib. 2: 49 (1957). 

I have already reported some electron-microscopical fine structure of the frustule 
of the present species (Okuno, 1. c.). Sorry to say, the plane micrographs published 
in my previous papers were insufficient to show the three dimensional structure of 
the frustule walls. In the present electron stereomicroscopy, the three dimensional 
structure of the loculus was clearly discerned. Loculi both on the valve surface and 
on the mantle are usually hexagonal, about 1.7-1.8 long and 1.5-1.7 » broad, each 
closed outwards by a sieve membrane and half closed inwards by an inner membrane. 
The upper part of the lateral membrane on each side of the loculus is perforated by 
about 2 roundish lateral pores, through which the neighbouring loculi can communi- 
cate each other. The lower part of the lateral membrane is non-porous. The outer 
sieve membrane is very thin, perforated by fine rounded sieve pores (about 100 my 
in diameter) and each of which is divided into 2 to 4 micropores or meshes. Sieve 
membrane is backed inwards by a network, which at the same time represents the 
lateral membranes of the secondary loculi. The meshes of the network round or 
rounded polygonal, about 100-400 my in diameter and 6-15 in a loculus. The inner 
closing membrane of the primary loculus narrow, about 100-150 my broad, and the 
opening of the inner membrane about 1.0-1.7 in diameter. The dots near the edge 
of the mantle which described by Cupp as “ spinulae”2) were elucidated in the present 
electron microscopy to be the small loculi penetrating the frustule wall (Pl. I, Fig. 1). 
Those small loculi or interlocular pores, about 400 my in diameter, open almost freely 
in- and outwards without distinct closing membranes. The longitudinal lines starting 
from the small loculi, which described by Cupp as “ hyaline lines ’’2) were elucidated 
to be the common extension of the inner membranes of the loculi in the two neigh- 
bouring rows. 

Habitat: Marine plankton, Seidan-chd, Awaji, HyOgo Prefecture (Okuno, No. m1260. 
Oct, 1956). 

Rhizosolenia styliformis Brightwell var. latissima Brightwell (Text-fig. 2B; Pl. 
I, Figs. 3, 4), Okuno, Journ. Jap. Bot. 27: 352, pl. 2, Figs. 2-2’” (1952) ; Okuno and Kuro- 
sawa, Bull. Fac. Text. Fib. Kyoto Univ. Ind. Arts and Text. Fib. 2: 56 (1957). 

I have already reported some fine structure of the frustule wall of the present 
variety observed by electron plane-microscopy®.. By the present electron stereo- 
microscopy, the more detailed fine structure of the frustule wall was discerned. chien 
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Diagrams of the fine structure of loculi, reconstructed from the stereo- 
A, Coscinodiscus Wailesii. B, Rhizosolenia styliformis var. latis- 
D, Achnanthes longipes. (im, Inner membrane. /, Loculus. 
/s’, Lateral membrane of secondary loculus. 
yim, Rudimentary 


Text-fig. 2. 
scopic electron micrographs. 
sima. C, Biddulphia sinensis. 
Im, Lateral membrane. /f, Lateral pore. 
o, Opening of inner membrane. //. Primary loculus. ply, Pillar. 
lateral membrane. s/, Secondary loculus, sm, Sieve membrane. spf, Sieve pore,) 
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loculi on the intercalary bands hexagonal, rarely quadrate or pentagonal, about 500 my 
in diameter and about 20 in 10, each with an outer sieve membrane and an inner 
half closed membrane. The outer and inner membranes are connected only at the 
corners of the loculus by rounded triangular pillars, leaving a large lateral pore at 
each side of the loculus. Judging from the present stereomicrographs, the height 
and the diameter of a loculus are nearly equal. The sieve membrane of the present 
specimen has six round or angular sieve pores (about 50 my in diameter) at the 
corners, and further has scattered minute pores of various shapes and sizes over the 
whole surface. The inner half closed membrane, about 100-150 my broad, with a 
large round opening about 200-300 my in diameter. In the presented specimen, the 
inner membrane was not only perforated by scattered sieve pores, but also distinctly 
spongy porous. Working the electron microscope at 50 KV, I could find such a spongy 
porous structure of the frustule wall in the whole surface of the frustule of Chae- 
toceros affinis (Text-Fig. 3), and in thin parts of the frustules (inner and outer 
membranes of loculi, edges of mantles and intercalary bands, and walls of setae) of 
some species of Biddulphia, Cocconeis, Coscinodiscus, Eucampia, Melosira. According 
to Helmcke and Krieger’s electron micrographs, the frustules of Podosira stelliger, 
Actinocyclus Ehrenbergii, Meridion circulare, Nitzschia dissipata® are also spongy porous. 
If we use the electron microscope of much higher voltage, we shall be able to find 
such spongy structure even in the thick frustules which appear non-porous mem- 
braneous only by the insufficient penetration of the electron beam at such a voltage 
mentioned above. Further, | suppose the spongy structure of the frustule walls is 
a common character of Diatomaceae, which contributes to decrease the specific gravity 
of the frustule, and to increase the pore and space for metabolism. The loculi on 
the calyptrae usually quadrate, with more or less irregularly porous sieve membranes. 
The inner opening of the loculus elliptic to quadrate. The light-microscopically so 
called “ Abdriicke der Schwesternschalen”®) on the calyptra is elucidated to be a 
grove-like depression of the frustule, in which the seta of the adjacent frustule is 
inserted. The wall of the depression is porous with loculi as in the other parts of 
the frustule. Helmcke and Krieger published a pair of electron stereomicrographs 
of Rhiz. styliformis®,in which the height, the pillars, and the lateral pores of loculi 
are Clearly shown, but in them, we can not find any fine structure of the inner and 
outer membranes. 

Habitat: Marine plankton. 50 miles south-east off the island of Tsushima (Okuno, 
No. m1000. Jun. 1955. Collected by H. Maeda). 

Chaetoceros affinis Lauder (Text-Fig. 3), Okuno, Bot. Mag. Tokyo, 69: 186, pl. 1, 
Figs. 1-5 (1956); Okuno and Kurosawa, Bull. Fac. Text. Fib. Kyoto Univ. Ind. Arts 
and Text. Fib. 2: 48 (1957). 

Valves elliptical. Valve surface saddle shaped, with slightly prominent radial ribs 
about 3-5 in ly. Breadth of a rib about 100-200my. The terminal valve with a 
central spine about 800 my long and 200 my. in diameter, and scattered with minute 
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spinules about 500 my long and about 100 myin diameter. The central spine and the 
spinules are hollow, with spongy porous wall. The inner valve with a somewhat 
concave elliptical central area about 4 in diameter. The mantle line distinctly 
thickened. Mantles with longitudinal rows of ribs about 3-5 in Iw. Intercalary 
bands with longitudinal rows of delicate ribs about 7-8 in ly. The valve is scattered 
with rounded holes about 50-150 my in diameter, and further spongy porous as in 
the intercalary band. Setae hollow, about 1» in diameter, armed with spinules about 
300-400 my long. Wall of the seta is porous with rounded holes. Holes about 50 my 
in diameter, 12-15 in 1», arranged in spiral rows about 5 in Ip. 

Habitat: Marine plankton. Shimonoseki, Yamaguchi Prefecture (Okuno, No. 
m8959. May 1953. Collected by H. Maeda). 

Eucampia zoodiacus Ehrenberg (PI. Il, Fig. 1), Okuno, Bot. Mag. Tokyo, 63: 99, 
pl. 2, figs. 3, 3’ (1950); Okuno and Kurosawa, Bull. Fac. Text. Fib. Kyoto Univ. Ind. 
Atts and texts Pil, 2:-51.¢1957). 

Central area of the valve distinctly concave, about 2-3.5 » in diameter, with 2 to 
4 central loculi. Valve surface with radial rows of loculi about 1-2 in ly, and 
scattered with minute interlocular pores. A loculus rounded rectangular or polygonal, 
about 300-600 my in diameter, with a lateral membrane slightly prominent both in- 
and outwards, and closed by a porous sieve membrane. Sieve pores polygonal, about 
5-7 in ly, and 5-25 in a loculus. I published a diagram of the loculi of this species, 


in which the inner closing membrane was shown by presumption”, but in the present 


Text-fig. 3. Pairs of electron stereomicrographs of Chactoceros affints. a, Terminal 


valve. b, Inner valves. Scales: lp. 
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stereoscopy, it was discerned that the loculi have not such inner closing membranes. 
Interlocular pores round, about 30-100 my in diameter, opening freely in- and out- 
wards without closing membranes. Intercalary bands very thin, with longitudinal 
rows of round or rectangular holes about 100-200 my in diameter, and about 3-3.5 
in ly. The edge of the intercalary band adjoining the mantle, attaches to the inside 
of the mantle. Thin parts of the frustule, for example, the edge of mantles, inter- 
calary bands, and the ridges (about 300-400 my high) on the blunt top of the apical 
processes, show the spongy porous structure. 

Habitat: Marine plankton. Tomogashima, Wakayama Prefecture (Okuno, No. 
m613. Mar. 1952). 

Biddulphia sinensis Greville (Text-Fig. 2C; Pl. Il, Fig. 2), Kolbe, Ark. f. Bot. 33: 
A: no. 17, p. 10, pl. 3, figs. 5-6 (1948); Okuno, Bot. Mag. Tokyo, 65: 161, pl. 1, figs. 
4da-4” (1952); Okuno and Kurosawa, Bull. Fac. Text. Fib. Kyoto Univ. Ind. Arts and 
Text. Fib. 2: 48 (1957); Desikachary and Bahadur, Frans. Amer. Micr. Soc. 73: 276, 
Pig. 4 (1954); 

Loculi about 12-15 in 10 y, arranged in radial (on the valve) and longitudinal 
(on the intercalary band) rows, about 15-20 in 107%. A loculus rhombic hexagonal, 
about 500-800 my long and 400-750 my broad, each closed outwards by a sieve mem- 
brane and half closed inwards by an inner membrane. The sieve membrane very 
thin, with longitudinally arranged peripheric sieve pores about 60-70 my in diameter 
and 6-9 in ly. The inner membrane, about 150 my broad, with a round to elliptic 
opening about 300-600 my in diameter. In the present stereoscopy, it was elucidated 
that the inner and outer membranes of the loculus are connected only at the corners 
of the loculus by the delicate pillars, leaving a large lateral pore on each side of 
the loculus. The pillars, at their base, somewhat triangular. The rudimentary 
lateral membrane of the loculus is found only at the inside of the outer sieve mem- 
brane. Intercalary bands imbricate by their edges with dentiform spines (cf. Okuno, 
l. c. p. 106, pl. 2, fig. Ic). The loculi, at their inside, are sometimes backed with 
a common non-porous membrane. 

Habitat: Marine plankton. Seidanché, Hyogo Prefecture (Okuno, No. m991. Aug. 
1954): 

Achnanthes longipes Agardh (Text-Fig. 2D; Pl. II, Figs. 3, 4), Okuno, Bot. Mag. 
Tokyo, 66: 6, pl. 2, Figs. la-b’ (1953); Okuno and Kurosawa, Bull. Fac. Text. Fib. 
Kyoto Univ, Ind: Arts and Text, Pib) 2:746 (1957), 

In general structure, the loculi both on the raphe-valve and on the area-valve 
are the same. Loculi are transversely elongated, each closed outwards by a porous 
sieve membrane and opens freely inwards. In the present electron stereomicroscopy, 
the existence of the thin, non-porous lateral membrane of the loculus was clearly 
discerned. A loculus is highest in its middle part, and decreases its height both to 
the margin and the apical plane of the valve. The sieve membrane of a loculus 


with 2-4 transverse rows of sieve pores, in each row, the sieve pores about 8-10 in 
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Pairs of electron stereomicrographs. Figs. l, 2, Coscinodiscus Wailesti. (Portions of a 


mantle. 1, Inside view. 2, Outside view.) 3, |, Rhizosolenia styliformis var. latissima. (3, 
Portion of a calyptra, showing the depression for a seta. 4, Portion of an intercalary 


band. 3, 4, Outside views.) Scales: lp. 


H. Okuno: Fine structures of diatom frustules 
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Pairs of electron stereomicrographs. Fig. 1, Hucampia zoodiacus. (Outside view.) 2, 
Biddulphia sinensis. (Portion of an intercalary band; inside view.) 3, 4, Achnanthes 


longipes. (3, Portion of an area-valve; inside view. 4, Central portion of a raphe-valve; 


outside view.) Scales: lv. 


H. Okuno: Fine structures of diatom frustules 
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10. A sieve pore, which at the same time represents a shallow secondary loculus, 
is round or rounded polygonal, about 500-1500 my: in diameter, and closed at the top 
by a netveined membrane supported by several stalks ingrown from the margin of 
the pore. The meshes of the netveined membrane are round or linear in the center, 
and curved linear or kidney-shaped at the margin. The pseudoraphe of the area- 


valve, the axial area and the transverse fascia of the raphe-valve were impenetrable 
to the electron beam. 


Habitat: Marine, littoral. Shirahama, Wakayama Prefecture (Okuno, No. m562. 
Nov. 1951). 
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Originated from the work of Boysen Jensen), the growth analyses of natural 
plant communities and cultivated fields are in progress by Monsi and Hogetsu group 
in our country2. The seasonal variation of photosynthetic activity is one of the most 
cardinal components for the study of growth analysis. 

Contributions to this line of study in arboreal plants have been comparatively 
meager, but recently Kusumoto’s?),# and Saeki & Nomoto’s®) investigations appeared, 
taking several evergreen and deciduous broad-leaved trees as their materials. 

Mulberry plants, in their native life type, belong to deciduous broad-leaved tree 
and few leaves develop after unfolding season in spring. So the leaf age is almost 
uniform throughout one individual. Unlike native type, shoots of the previous year 
are once (in spring or early summer) cut down annually and only old stump near 
the ground is left in cultivated mulberry plants. 

After the shoots were cut down, new shoots grow likewise perennial herbs, that 
is, stems are elonging and new leaves are unfolding throughout the growing season. 
So the age and unfolding period of each leaf on one shoot are all different. Cultivated 
mulberry plants are, as it were, forced artificially to change their life type from tree 
to herb. The details of cultivation modes will be mentioned afterwards. 

In the present paper, the seasonal variation of photosynthetic activity of cultivated 
mulberry was studied from leaf age and unfolding season by measuring the net 
assimilation amount of each leaf under light saturated condition and the relations 
between photosynthetic activity and annual growth were discussed 


Material and method 


The material used for this experiment was mulberry plants cultivated in the 
mulberry field of Tokyo University of Agriculture and Technology situated in Koganei, 
Tokyo. Each plant was spaced 90 x 180cm.. The soil was Kanté loam and was manured 
in the ordinary manner. The pruning method was root training, that is, the stumps 
were left several centimeters from the soil surface and the shoots sprouted from the 
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stumps were annually cut down. There are two methods of harvesting. In “ spring 
cut” mulberry, the shoots of the previous year are totally cut down in early spring 
before sprouting, and nine new shoots are left to grow, from which leaves are 
harvested for silk worm rearing in August and September. While in “summer cut” 
mulberry, the shoots are left intact in spring, from which new lateral shoots develop. 
After spring harvest of new shoots, the shoots of the previous year are cut down in 
early summer, and from new shoots developed afterwards leaves are again harvested 
in August and September. In both harvesting, lower leaves are at first harvested 
in August and upper leaves in September. In the following experiments, shoots were 
left intact at summer cutting in some stumps and were left to grow for which it 
was named “shrub” mulberry by the author* (Fig. 1). 


“ SHRUB " MULBERRY 


" SUMMER CUT " MULBERRY 


Spring Farly summer Summer Winter 
Fig. 1. Two modes of pruning in mulberry plants. Half CinGlie near the pone 
face is old stump. Out of nine shoots, six shoots are omitted. Shoots developed 

in the previous year are pictured black. 

All leaves on one shoot were taken as the sample. They were numbered from 
the older to the younger. As the youngest leaf the author designated those eaves 
which had finished unfolding and leaf surface was already flat. In another are 
ment, the youngest leaves were marked biweekly from May 1, and the VatianeD of 
photosynthetic activity with the aging of leaves was measured. By preliminary ex- 


* In practical cultivation, the shoots of the previous year in “summer cut” mulberry 
are cut down without exception. 
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periment, it was revealed that the photosynthetic activity of mulberry leaves began 
to fall in 30 min. from picking even if they were supplied with water and high light 
intensity. So the measurements were finished as early as possible from picking. 
On fine days, sunny leaves were sampled from mulberry trees between 9 a.m. and 
early afternoon, and were supplied with water by a small glass bulb. The assimila- 
tory chamber was immersed in a water bath about 10cm. deep, and air temperature 
insides was kept at 23° in summer and about 17°-20° in spring and autumn, ihe 
light source was a 300 W flood lamp combined with sky light, and light intensity 
was determined by Toshiba No. 5 photometer. Net assimilation and respiration were 
measured by Boysen Jensen’s apparatus a little modified by the author. Stomatal 
aperture was examined by benzol infiltration and graded in six degrees, from closed 
(0) to widely open (5). Transpiration amount was measured by detached leaves 


using a torsion balance, and chlorophyll by the procedure of Kasanaga and Mons1®. 


Resuit and discussion 


The cardinal values in the light-assimilation curve in matured mulberry leaves 
are as follows: maximum net assimilation 5-7 mg. CO:s/50cm2./hr., respiration 0.5- 
1.0 mg. CO2/50 cm2./hr. at 20°, compensation point 0.5-0.7 Klux. These values conform 
fairly well with the normal leaf of Zelkowa serrata®) and compensation point and 
respiration are somewhat higher than the sun leaf of evergreen broad-leaf trees?). 
In the vicinity of Tokyo, cultivated mulberry begins to sprout at the middle of April. 
The day of first unfolding differs by cultivated form and climate of every year. In 
1954, the first leaf of Kairyo-nezumigaeshi (a middle ripening form and most commonly 
cultivated in Kanto district) unfolded on April 21 when two or three leaves in one 
shoot had already unfolded in early ripening forms such as Nogamisé. The photo- 
synthetic activity of all leaves on the new lateral shoot of ‘summer cut ” mulberry 
was measured in Kairyo-nezumigaeshi and Nogamisé from the end of April to May, 
but some fragmentary experiments were done in several other forms. The case of 
Kairyo-nezumigaeshi was illustrated in Fig. 2. None of the leaves showed positive net 
assimilation in April under 40 Klux and at 17°. The first positive net assimilation 


Apr. 24 Apr. 29 May 4 May 7 May 20 
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Fig. 2. Net assimilation and respiration of leaves on the new lateral shoot of 
“summer” cut mulberry (Kairyo-nezumigaeshi) in spring. Solid line indicates the net 
assimilation under 40 Klux and at 17°, and broken line the respiration at the same 
temperature. Leaves are numbered from the oldest. 
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appeared at the beginning of May in lower leaves and most leaves showed positive 
assimilation on May 20. But the values were quite small in comparison with those 
of matured leaves mentioned above. Similar trend was seen in Nogamiso and in 
several other forms. In 1955, the lower leaves on the lateral shoot of Kairyo- 
nezumigaeshi, Shimanouchi and Oshimas6 showed already positive net assimilation 
at the end of April, but in both year, net assimilation remained 3 mg. CO,/50 cm?. 
/hr. or thereabout at the end of May, the season of summer cutting. Some yearly 
fluctuation in net assimilation may exist in cultivated mulberry. Similar trend was 
obtained in the new shoots sprouted from “spring cut” stumps. 

The low values of net assimilation in spring is partly due to the high respi- 
ration in this season (See Fig. 2). The chlorophyll content of leaves on the new 
shoot of “spring cut” mulberry (Kairyo-nezumigaeshi) was measured on May 10, 
1957. The chlorophyll content of the 5th, 4th, 3rd, 2nd and 1st leaf was 0.8 0.6 1.5, 
2.0 and 2.0 - 10-2mg./cm2., and net assimilation of these leaves was —0.5, 0.6, 1.7, 
2.0 and 1.5 mg. CO:/50 cm”./hr., respectively. In this case, parallel relation was seen 
between chlorophyll content and net assimilation. But this relation was somewhat 
different in Kiba-jyumonji, which genetically has yellow or yellow green leaves in 
spring or early summer, but the growth is only a little inferior to other ordinary 
forms. In 1957, chlorophyll content and net assimilation were measured simul- 
taneously. In yellow leaves, the chlorophyll content was below 0.5 - 10-2mg./cm2. and 
the assimilation rate was from —2.0 to 0.2 mg. COs/50 cm2./hr. This low value of net 
assimilation might be attributed to the low chlorophyll content. In yellow green 
leaves, however, the chlorophyll content was about 1.0-10-2mg./cm2. and the 
net assimilation about 2.0 mg. CO:/50 cm?/hr., so the chlorophyll content was smaller 
but the net assimilation was equal to or larger than the ordinary forms in this 
season. The efficient assimilation in Kiba-jyumonji was already affirmed by indirect 
method)?. The chlorophyll content in Kairyo-nezumigaeshi and Kiba-jyumonji in 
this season was smaller than those of matured mulberry leaves, that is, 6-10-2mg. 
/cm2. From above results, it may be concluded that high chlorophyll content is not 
always accompanied with high net assimilation and vice versa. 

The behavior of stomata in the spring time was examined by measuring tran- 
spiration rate and infiltration test. By author's unpublished data concerning the 
transpiration of mulberry leaves in summer, the stomata open widely in the morn- 
ing (7 a. m.), remain opened throughout the daytime and close perfectly in the 
evening after sunset. The relative transpiration was calculated using leaf shaped 
filterpaper with one side of evaporating surface as an evaporimeter. ‘The value in 
the day time was often over 100% which is far larger than other deciduous trees. 

Compared with Monsi’s paper®), this value is the same order with Jussieua 
and Hydrocharis (water plants) and far larger than various land plants. Out of 
land plants only Sambucus is comparable (95% on Aug. 17). A sprouting shoot of 
“ summer cut” mulberry was cut down and immediately immersed in a 1/200 solution 
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of purchasable H2SO3 (SO3 6 % in water) in order to ensure the water absorption and 
to keep the stomatal aperture in the same state of before cutting. As an example, 
the result in Nogamis6 was as follows. The measurement was done in the forenoon 
of a fine day, April 21, 1954. Four leaves had already developed on the side branch, 
but the stomata were nearly closed in every leaf. The aperture was 0 or 1. Relative 
transpiration was around 30% except in the fourth leaf (21 %). In matured leaves 
in summer, the relative transpiration when stomata were closed was below 20 %, so 
the value in spring was somewhat higher which may be due to high cuticular trans- 
piration. The insufficient stomata movement may play some part in the low amount 
of net assimilation in spring. 

In most cultivated forms, the size of matured leaves is too large to measure net 
assimilation by Boysen Jensen’s apparatus. So the measurement was limited only 
in spring before maturing. In the experiments throughout the growing season, 
Nezumigaeshi (a small leaf form) was used. In “shrub” mulberry of this form, 
the youngest leaves of April 29, May 16, May 29, June 15, July 29 and Aug. 15 were 
marked with colored vinyl tapes and the seasonal variation of net assimilation was 
investigated in leaves with different unfolding day at saturated illumination of 40 
Klux. The results were summarized in Fig. 3. In leaves unfolded in spring (April 
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Fig. 3. The seasonal variation of photosynthetic activity in leaves with different 
unfolding day. The abscissa is the season in month and the ordinate the net assimila- 
tion at 17-23" and under 40 Klux. Fach curve based on 20-30 measurements. The points 
were rather scattered and those for only one curve (leaves unfolded on April 29) are 
given in the figure. The mark x indicates the date of unfolding. The material was 
“shrub” mulberry of Nezumigaeshi. 

29 and May 16), net assimilation showed strong negative value at the dav of unfold- 
ing, which was quite the same with the youngest leaves of Fig. 2. The net assi- 
milation at first rapidly and then gradually increased during May and June, and 
attained the maximum value of around 5mg. CO,/50cm2./hr. at the end of June. 
This value continued until the middle of August, and then gradually declined. The 
net assimilation of the unfolding day gradually increased, turned positive from the 
middle of June. Besides, the net assimilation increased far more rapidly than the 


leaves in spring, that is, the maximum assimilation appeared only ten days after 
unfolding. 
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The maximum value in this case continued until the middle of September and 
declined in October. The trend of the curve in leaves unfolding before early summer 
was similar with that of Zelkowa in 19535. The duration of maximum activity was 
about two months, but in leaves developed in summer this duration was much 
shortened on account of the advent of autumn. Similar experiments were performed 
in new shoots developed after summer cutting, but no significant difference was seen 
between those and “shrub” mulberry in the variation of photosynthetic activity with 
aging of leaves. 

Also the seasonol variation of photosynthetic activity was well reflected in the net 
assimilation measured leaf by leaf in one shoot. The condition of spring was already 
referred previously (Fig. 2). From the end of May to June, the net assimilation of 
the youngest leaf gradually increased and finally turned positive, the value increas- 
ing from the upper young leaves to the lower older leaves. In this season, shoots 
are cut down in ‘“‘summer cut” mulberry. The situation was quite different in the 
photosynthetic activity of leaves unfolded after summer cutting when compared 
with those after spring cutting. In 1956, the net assimilation of new shoots (stem 
+leaf) emerged after summer cutting was measured. From the expanding of buds 
to the unfolding of the first leaf, the value was negative, that is, about —0.25 mg. 

(A) July (B) Sep. 3 (C) Sep. 26 (D) Nov. 3 
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Net assimilation mg. CO;/50 cm?./hr. 


Fig. 4. The variation of net assimilation rate by leaf order in “summer cut” 
mulberry (Kairyo-nezumigaeshi). Every other leaf was taken for the sample. The 
date at the top of the figure is the date of measurement and the unfolding date is 


shown on the ordinates. The thin line in (C) is the net assimilation in “shrub 


mulberry on September 20. 
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CO./100 mg. dry weight/hr. The value turned positive as soon as the first leaf un- 
folded and reached to +1.2mg. in the same unit when three leaves developed. So 
the photosynthetic activity was far more efficient in this case than in spring. In 
summer, nearly all leaves showed maximum net assimilation, for the activity in- 
creased rapidly after unfolding in this season and the activity decline by aging 
of leaves in lower part did not yet set in. Cultivated mulberry, therefore, displays 
most efficient matter production in this season (Fig. 4 —A and —B). 

With the advent of September, net assimilation decreased from lower leaves and 
next the maximum value was shifted to the uppermost leaf, for the development of 
leaves gradually stopped in this season. So far, no difference was observed concerning 
the seasonal variation of photosynthetic activity in three kinds of harvesting methods. 
But in autumn, the net assimilation of lower leaves decreased earlier in “ Summer 
cut” mulberry than in “shrub” mulberry (Fig. 4-C). As the “shrub” mulberry is 


ce 


more natural life form than ‘summer cut” mulberry, this phenomenon is somewhat 
interesting. In late autumn just before the defoliation, the photosynthetic activity 
of upper leaves remarkably diminished and the value turned negative in lower leaves 
(Fig. 4D). 

From above results, the carbohydrate necessary for the growth of new shoot and 
for the respiration of non-assimilating organs in spring, it may be conjectured, should 
mostly be derived from the reserve substance of the previous year, as the photo- 
synthetic activity in this season is too low to fulfill these requirements. Then, 
whence comes these reserve substances? In “summer cut” mulberry, the dry weight 
increment of leaves in mid-summer was 48 g. for one shoot during 40 days. So the 
daily increment was 1.2g.. Assuming that the net assimilation is 5 mg. CO2/50 cm2. 
/hr., nocturnal respiration 0.5mg. in the same unit and leaves assimilate in this 
rate for 13 hours, one shoot assimilates 3.6 g CO, or 2.5 g. dry weight per day. Out 
of 2.5 g. of assimilate, 1.2 g. must be used for the growth of this shoot and the rest 
may be consumed for the growth of roots and stump, and for the respiration of non- 
assimilating organs. Soin summer there may be no room for accumulating reserve 
substances. At the end of September, the growth stops and from this season, the 
assimilates may be stored for the growth of the next year. Considering the low 
net assimilation of lower leaves, the mean net assimilation of “summer cut” mul- 
berry in autumn may be estimated 3mg. COs/50cm2./hr. and respiration 0.5 mg. in 
the same unit. If we assume that the leaves assimilate in this-rate for 10 hours, 
1m2. of leaves assimilate 4.6 g. CO,/m2/day or 3.1 g. dry matter. The dry weight 
of 1 m2. of mulberry leaves was 60g.. So the leaf must work 20 days to reproduce 
itself in the next year. In fact. “summer cut” mulberry produce larger amount of 
leaves till the end of May (before summer cutting) in the next year. Besides the 
growth and respiration material of non-assimilating organs must depend upon the 
assimilate in autumn. 


For this reason, it may be concluded that the assimilation in autumn has much 
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to do with the growth of the next year. In sericultural practice, upper leaves are 
often taken for silk worm rearing in autumn, which often cause serious influences 
on the spring yield of mulbery leaf in the next year. 

In “summer cut” mulberry, total assimilating organs are cut down after ex- 
hausting reserve substances for vernal growth which may cause drastic blow to the 
physiology of mulberry plant. Even before cutting down, reserve starch disappeared 
in every part of the plants, and reappeared at the end of August, than is, three 
months after cutting down. The leaves are smaller and somewhat thinner than those 
of “spring cut” mulberry. The leaf yield in autumn is only the half of the “ spring 


” 


cut” mulberry. As mentioned above, the duration of maximum photosynthetic ac- 
tivity is far shorter and the anomalism in water physiology, that is, the inert 
movement of stomata in water active reaction comes earlier than other culture modes. 


In every aspect, disadvantageous symptoms for life ware observed in “summer cut” 


mulberry. 
Summary 


The seasonal variaton of photosynthetic activity of cultured mulberry plants in 
mulberries, 


” ) 


three modes of culture, that is, ‘ spring cut,” ‘““summer cut” and “ shrub’ 


was studied from the viewpoint of leaf age and unfolding season. 

1. The cardinal values in the light -assimilation curve in matured mulberry 
leaves were as follows: Maximum assimilation 5-7mg. CO,/50cm.2/hr., respiration 
0.5 -1.0mg. CO,/50cm.2/hr., and compensation point 0.5-0.7 Klux. 

2. The leaves unfolded in spring showed at first strong negative net assimilation, 
and the first positive value appeared from the end of April to the beginning of May. 
This low rate of activity may be due to the high amount of respiration, low chloro- 
phyll content and inadequate stomatal movement. 

2. The net assimilation which showed strong negative value on the day of un- 
folding, at first rapidly and then gradually increased during May and June, attained 
the maximum value of around 5mg. CO,/50cm.’/hr. at the middle of June. This 
maximum activity continued for two months till the middle of August. The activity 


at the unfolding day gradually increased as the progress of season and turned positive 


from the middle of June. Besides, the net assimilation increased far more rapidly 


in the leaves unfolded in later seasons than in those developed in spring, that is, the 
maximum assimilation appeared only ten days after unfolding. 
4. The seasonal variation of photosynthetic activity was well reflected in the 


net assimilation measured leaf by leaf in one shoot. From April to June, the net 


assimilation increased from the upper to the lower leaves. In summer, nearly all 


leaves showed maximum assimilation, for the activity increased rapidly after unfold- 


ing inthis season. With the advent of autumn, net assimilation decreased from the 


lower leaves and next the maximum value was shifted to the uppermost leaf as the 
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development of leaves stopped in this season. In late autumn, the activity of all leaves 
remarkably diminished. 

5. From above results, the carbohydrate neeessary for the growth of new shoots 
in spring must depend upon the assimilates of the previous year. As the assimilates 
in summer were used chiefly for the growth, the assimilates of autumn will fulfill 
this requirement. 

6. In “summer cut” mulberries, total assimilating organs are cut down after 
exhausting reserve substance for vernal growth, which must be a drastic blow to the 
physiology of mulberry plants. In fact, the duration of photosynthetic activity was 
shortened and the anomalism in water physiology appeared. The size and yield of 
leaves were much reduced in comparison to those of “spring cut” mulberry. 


The author wishes to express his sincere thanks to Prof. M. Monsi and Prof. K. 
Hoégetsu for their valuable advice throughout the progress of this study, and thanks 
are also due to Messrs. H. Abe and S. Teshigawara who helped the experiments. 
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Though the genus Spiriliwm Ehrenberg was not so intensively investigated as 
other groups of bacteria were, Giesberger) (1936) has achieved an extensive work 
on Spirillum. Myer? (1940) isolated four spirilla with the single spore technique 
described by Kauffman, using beef-peptone broth. Cayton and Preston?) (1955) also 
isolated a new species of Spiriliuwm, S. manucuniense. 

All these species reported?) were, however, found in fresh water and no isolation 
from salt water has been ever reported so far as the writer knows. This fact seems 
indicate that the Spiri//um in salt water might hardly grow on the media usually 
available. 

The writer» has succeeded to isolate halophilic spirilla from visceral organs 
(mainly in alimentary tracts) of marine shell-fishes; Venerupsis philippinarum, Mactra 
veneriformis, Meretrix meretrix. In this paper an isolation technique which is compara- 
tively simple and effective, and a description of four halophilic spirilla newly obtained 
from the shell-fishes will be reported. 


Methods 


Medium: The first step of the culture is the search for a solid medium on which 
it may grow. Kutscher (1895), Vogt (1899), Van Iterson (1902), Beijerinck (1925), 
Dimitroff (1926) and others isolated the fresh water spirilla using the peptone-solu- 
tion or the medium containing peptone, and Giesberger cultured the same spirilla 
with the following synthetic medium: 0.2—1 % Calcium lactate, 0.1 % NH,Cl, 0.05 % 
K,HPO,, 0.05 % MgSOx. 

Regarding the Spirillum in sea water, it should be natural to assume sodium chloride 
and the other ingredients of sea-water as elements of the medium. Hence, a mixture 
of the organic and inorganic substances described above will be appropriate for the 
medium of halophilic bacteria. From the above-stated reason, Medium No. 1, devised 


by the writer, is appropriate for enrichment culture, and Medium No. 2 for isolation. 
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No. 1 No. 2 
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When pure isolate was obtained, one of the two may be used for subculture. In 
these media the specially essential components are NaCl and peptone. The amount of 
peptone in the medium must be at least 0.1 % at the adequate concentration of NaCl, 
i.e. 2 to 2.5 %. If the concentration of NaCl in medium becomes lower, the spirilla can 
not normally develop. They actually grew poorly in this medium in the shape of rod 
or dott after several days. And they gradually sank to the bottom of the test tube. 
Of course, the repeated subculture is impossible in the medium without NaCl. In 
the experiments for identification, the writer used the bouillon, peptone-water and 
others, which contain 2.5 % NaCl, besides No. 1 and 2. 

Isolation: In this experiment, three shell-fishes were used; Venerupsis philippi- 
narum, Mactra veneriformis and Meretrix meretrix, collected at Samugawa beach in 
Chiba city. Following procedures were taken for isolation of the bacteria. 

1) After washing with water, several living shell-fishes are put into a Petri 
dish containing 2 % NaCl solution. 

2) The Petri dish is left inthe room. The shell-fishes die and open the shell in a 
few days. When putrefaction occurs conspicuously, some kinds of spirilla are usually 
detected microscopically in the liquid. 

3) To obtain an enrichment culture of the bacteria, this liquid is inoculated 
to Medium No. 1, in which spirilla grows abundantly after a week at 20°-23°. 
Instead of Medium No. 1, we can use the marine water containing 1 % peptone. 

4) If we streak the bacteria on the plate using Medium No. 2 added with 1- 
1.5 % agar, the peculiar and coarse granular colonies, on which Ca-crystals develop, 
are found with the naked eye after 4 or 5 days. 


Descriptions of the species 


Spirillum japonicum nov. sp. 
I Morphological aspect. 
1) Vegetative cells: Stout threads with several or many wave-like undulations. 
1.2 to 1.5 microns in diameter. Wave length is 15 to 18 microns. Width of spiral, 
4 to5 microns. Seldom total length about 50 microns. Rounded end. Solitary. Gently 
motile. Tufts of 20 to 30 flagella at each pole. Flagella move in unison. Cyst-like 
body is formed. Volutin granules present in cytoplasm. Gram negative. 
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Fig. 1. Spirillum japonicum nov. sp. 
A. Colonies on Medium No. 2 agar. Ca-crystals appear like oil droplets on the 
surface of the colony. x 10 
B. Enlarged form of the colony. After 10 days. Small Ca-crystals are scattered 
on the surface. x30 
C. Typical vegetative cell stained with dilute Loffler’s methylene blue as 


twice (vital staining method). On Medium No. 1. «1350 
D. Flagella-staining by Nishizawa & Sugahara method. 1350 


E. Vegetative cells obtained from colony. Not spiral form. 1350 
F. Volutin granules appear in cytoplasm in old stage. 1100 
G. Mass-culture as layer of 1-1.5cm. in liquid. 


II Cultural aspect. 
2) Agar colonies: Heavy growth on Medium No. 2 (A)*. Colonies are seen 


* (A) indicate Medium No. 2, and, (B) bouillon. 
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with the naked eye after 4-5 days. Normal growth on bouillon agar (B)*. Round, 
entire somewhat undulate contour. Punctiform, (A) 0.5 mm. in diameter and (B) about 
0.8mm.. Pulvinate, coarsely granular or moruloid. Surface smooth, CADP but with 
small Ca-crystals scattered at first and as a scab later. White to lactescent, (B) 
pale yellowish brown colour like bouillon agar. Semitransparent. 

3) Individual form on solid medium: Rod, curved or gentle wave. 1 micron 
or less in diameter, seldom 30 to 35 microns in length. 

4) Agar stroke: Poor development, filiform or beaded, flat, glistening luster. 
Surface smooth, (A) formation of scab. White colour. (B) Colour of deposit in the con- 
dense water is lactescent to pale yellowish brown. (A) Cheese-like, (B) Slimy. 

5) Agar stab: Development on surface, but not inside. Barely filiform. No 
colouration of medium. 

6) No gelatin liquefaction. On bouillon gelatin containing 2.5 % NaCl and Me- 
dium No. 2 gelatin, colonies do not appear. . 

7) Liquid media: (A) Ca-crystals as a membrane on surface of medium or as 
a ring along the tube wall. (B) No change. (A) Intense turbid at upper portion as 
thick layer (about 1 to 1.5cm.). (B) Clouded; clouded masses precipitate by slight 
stimulus. White slimy compact deposit, a large quantity. No bad odour. 


Ill Physiological aspect. 

8) Tolerance for concentration of NaCl: Minimum point 1 %. Optimum point 
2.0 %. Tolerable for 5.5 to 6% NaCl. 

9) Indole not formed. 10) Aerobic. 11) Optimum temperature 18° to 20°. Max. 
temp. 30°. 12) Potato: White colour. 13) No reduction of nitrates and _ nitrites. 
14) Catalase negative. 15) No dissolution of saccharides. 16) Litmus milk: Un- 
changed. Litmus in liquid media: No change. 17) pH: No development below pH 
6.6. When growth of bacteria ceases in liquid, pH of the medium becomes 8.2. 


Spirillum halophilum nov. sp. 
I Morphological aspect. 

1) Vegetative cells: Slender forms with one to three (seldom several) wave- 
like undulations. 0.5 to 0.6 microns in diameter. Wave length, 3.5 to 4 microns. 
Spiral width, 1.2 to 1.5 microns. Motile with bipolar tufts of flagella (5-6). Form 
of flagellum is wave-like. Wave length, 4 microns. Length, 7 to 8 microns. Wave 
amplitude, 1 micron. Volutin granules present at old stages. Gram negative. 


II Cultural aspect. 

2) Agar colonies: (A) Growth not speedy, (B) normal growth. Round, entire, 
circular (1-1.5 mm. in diameter). Convex to capitate, finely granular, coarse grains 
in centre. Smooth surface. (A) Somewhat large Ca-crystals as a scab. Grayish 
white colour. (B) Yellowish like bouillon. Semitransparent. 


3) Individual form obtained from colony: Spiral, 5-6 cycles. Spiral width 1] 
micron, wave length 4-5 microns, 
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Fig. 2 Spirillum halophilum nov. sp. 


A. Colony on No. 2 agar. Somewhat large Ca-crytals are crowded like a scab. 
(By taking the focus on centre point, the margin of the colony does not 
appear in photograph.) A-a. x20. A-b. Form of Ca-crystals. After a week. 


x 30 
B. Normal vegetative cells by vital staining of dilute Léffler’s methylene blue. 


(On Medium No. 1) x 1350 


C. Flagella-staining. x 1350 
D. Vegetative cells obtained from the colony. x 1350 


4) Agar stroke: Moderate development, filiform, flat, glistening, smooth surface 
at margin but scab at centre. Grayish yellow colour on peptone agar, white on Me- 
dium No. 2. Colour of deposits in the condense water is pinkish. Slimy dense deposits. 

5) Agar stab: Development on surface, not inside. Barely filiform. Surface 
colour: Brownish orange at first, later brown. Medium becomes grayish-pink. 

6) No gelatin liquefaction. 

7) Liquid media: No change, Ca-membrane is barely produced at old stage. 


(A) Moderate turbid, diffused. (B) Especially at upper portion. Clouded masses 


precipitate by slight stimulus. No bad odour. Slimy clouded deposit. Amount of de- 


posit is proportional to cultural period. Medium becomes yellow. 


Ill Physiological aspect. 


8) Tolerance to concentration of NaCl: Minimum point 1.5 %. Optimum point 


25 to 3%. Maximum point may be 6 %. 
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9) Indole not formed. 10) Aerobic. 11) Optimum temperature 20°. Maximum 
12) Potato: Pale brown with somewhat pink. Poor growth. 


temperature 30°. 
15) Little acid 


13) No reduction of nitrates and nitrites. 14) Catalase negative. 
from glucose. No acid from other saccharides. 16) Litmus milk: Unchanged. Lit- 
mus in liquid media: No change. 17) Optimum pH: 6.8-7.4. When growth of bac- 


teria ceases in liquid medium (about 10 days after), pH of medium becomes 8.0. 


Spirillum maritimum nov. sp. 
I Morphological aspect. 

1) Vegetative cells: Spirals consisting of 4 to 14 complete turns. Diameter, 0.6 
to 0.7 microns. Wave length, 4 to 5 microns. Width of spirals, 2 microns. Slight 
attenuated end. Active motile. A single flagellum at both ends. Length of flagel- 
lum 8-10 microns, almost two waves. Formation of cyst-like -body is conspicuous. 


tin granules present. Gra egative. 
Volutin granules | nt. Gram negativ 


B D 


Fig. 3. Spirillum maritimum nov. sp. 


A. Colony on No.2agar. A-a. Scattering small crystals on and around the colony. 
x30 A-b. Small crystals appear like a scab in cluster. x 30 

B. Normal vegetative cells by vital staining. (On Medium No. 1) x 1350 

C. Old vegetative cells with volutin granules. x1100 

D. Flagella-staining treated with Nishizawa & Sugahara I solution and carbol- 
fuchsin as II solution. x 1350 


Il Cultural aspect. 
2) Agar colonies: Slow growth, round, entire, punctiform (0.5-1 mm. in diameter). 
Pulvinate or convex. Finely granular. Surface smooth. (A) Production of small 
crowded Ca-crystals as a scab or scattered Ca-crystals on and around the colonies. 


March 1959 Bot. Mag. Tokyo, Vol, 72, No. 849 83 


Lactescent. (B) Yellowish white colour. Semitransparent. 

3) Individual form obtained from colony: Half to one spiral. Wave length 3- 
3.5 microns. Spiral width 1.5 to 1.7 microns. 

4) Agar stroke: Very poor development, filiform or beaded on bouillon and 
peptone agar, flat, glistening. Surface: smooth and scab. Faint yellow on peptone 
agar. (A) White colour. Slimy density. 

9) Agar stab: No growth along straight needle or barely filiform. No colour- 
ation of medium. 

6) No gelatin liquefaction. 

7) Liquid media: (A) Ca-crystals as a membrane on the surface of medium 
and as a ring along the tube wall. (B) No change. (A) Intense turbid at upper 
portion about lcm. as layer. (B) Clouded the same as. Slimy clouded deposit, a 
large quantity. 


III Physiological aspect. 

8) Tolerance for NaCl: Minimum point 1 %. Optimum point 2.5-3 9%. Maximum 
point 6%. 9) Indole not formed. 10) Optimum temperature 18°-22°. 12) Potato: 
Pale white colour. 13) Nitrates, nitrites, no reduction. 14) Catalase negative. 15) 
Acid from glucose and mannose. No gas. 16) Litmus milk: No change, no coa- 
gulation. 17) Optimum pH 6.8-7.2. When growth of bacteria ceases, the pH of me- 
dium becomes 8.2-8.4. 


Spirillum minutulum nov. sp. 
I Morphological aspect. 

1) Vegetative cells: The smallest of the spirilla. Spirals consisting of one 
complete turn in young stage, old stage showing several turns. 0.2-0.3 microns in 
diameter, spiral amplitude 1.2 microns, spiral period 3.2-3.5 microns. Free. Motile 
with a single flagellum at one or seldom both ends in young. Amphitrichic (3-4) 
in old. Undulate flagella, total length 7.5 microns, wave length 2.5 microns, wave 
width 1.3-1.5 microns. Volutin granules may be present. Gram negative. 


Il Cultural aspect. 

2) Agar colonies: (A) Very slow growth. (To see the colonies with the naked 
eye, it needs 5-6 days.) (B) Slow growth. Round, irregular lobate. (A) punctiform 
(0.5 mm. after a week), (B) circular (1-1.5 mm.). Convex. Amorphous. Smooth surface, 
granular in advanced stage. (A) Milky white. (B) Pale yellow. Semitransparent. 

3) Individual form on solid medium: One to two waves. Spiral period 3 microns. 
Spiral width 1.5 microns in maximum. 

4) Agar stroke: Moderate to poor growth, filiform, convex or flat, glistening. 
Surface, more or less scab at centre but smooth at margin. Faint grayish yellow 
on peptone agar. (A) White colour. Slimy density. 

5) Agar stab: Development well at surface but not inside, barely filiform. 


Colouration of medium, no or pale brownish yellow. 
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Fig. 4. Spirillum minutulwm nov. sp. 


A. Colonies on No. 2 agar. After a week. x30 

B. Normal vegetative cells by vital staining. x 1350 

C. Young vegetative cells treated with flagella-staining. A single flagellum 
at each pole. x1350 

D. Old vegetative cells with tufts of flagella at each pole. 1350 


6) No gelatin liquefaction. 

7) Liquid media: No change. Moderate turbid and diffuse. Slimy flocculent 
deposit, a large quantity. In bouillon and peptone-water with 2.5 % NaCl, this bac- 
terium luxuriates well and media become turbid. 


Ill Physiological aspect 
8) Tolerance for NaClin medium: Minimum point 1 %. Optimum point 2-3 %. 
Tolerable for 5.5%. 9) Indole not formed. 10) Facultative aerobic. 11) Optimum 
temperature 15°-22°. Maximum temperature 30°. 12) Potato: Scanty development, 
grayish. 13) Reduction of nitrates: Positive. Reduction of nitrites: Negative. 
14) Catalase negative. 15) No acid and no gas from saccharides. INO: aS 116) 
Litmus fades on liquid media with maltose or saccharose. Litmus milk, unchanged. 
No coagulation. 17) Optimum pH 6.8-7.4. 18) Source: Widely distributed in the 

viscera of marine shell-fishes. 


Discussion 


If these spirilla in question isolated from the visceral organs of marine shell- 
fishes are judged by comparison with the species? described by the previous investi- 
gators from a morphological point of view, Spirillam japonicum bears resemblance to 
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Shirillum volutans—the giant spirillum, which can not be cultivated on artificial me- 
dium till now in spite of the efforts of many investigators. Spirillun halophilum has 
resemblance to Spirillum itersonii) and Spirilluwm maritimum to Spirillum virginianum. 
But it is difficult to compare these halophilic spirilla physiologically with the fresh 
water spirilla, because these spirilla in question need conditionally the media added 
with 2 to 2.5 % NaCl on the occasion of isolation and repeated subculture. Therefore, 
it is assumed that their ability to tolerate NaCl-grade is the specific character given to 
spirilla in question. In addition to this fact, it is remarkable that the thematic halo- 
philic spirilla must be cultivated by lower temperature than the already known spirilla. 

In Bergey’s manual’.) reports of following three uncertain marine spirilla are 
cited. 

(1) Spirillum ostreae.®) Judging from the original description by Noguchi, it is 
estimated that this species rather belongs morphologically to genus Spirochaete than 
genus Spirillum. This species was named without cultural studies. 

(2) Spirillum attenuatum.® This species has also as much incomplete description 
as the previous one. Ford states that this organism would be regarded either as a 
Spirillum or as a Spirochaete. 

(3) Spirillum colossus! H. Fischer said that this giantest species of all spiral 
bacteria is perhaps identical to Sfiril/um volutans var. robustrum. 

Because there are no physiological as well as morphological studies on these three 
species, the writer can not examine and compare the halophilic spirilla isolated here 
from marine shell-fishes with the spiral bacteria reported before. 


Summary 


Four halophilic spirilla were isolated from the marine shell-fishes: Venerupsis 
philippinarum, Mactra veneriformis and Meretrix meretrix, which were collected at 
Samugawa beach in Chiba city. After the morphological and the cultural aspects 
each of them was diagnosed as a new species and was given respectively following 
name. 

Spirillum japonicum 
Spirillum halophilum 
Spirillum maritimum 
Spirillum minutulum 
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On the Ploidy of Torula rubra Saito* 
by Shoitiro Igurr** 
IFA ERG: Torula rubra OPEEKEICOV. TC 


Received November, 19, 1958 


Torula has no complete sexual cycle; and though it has been referred to as a 
stable haplobiont derived from a Saccharomyces yeast”,», Schultz and Pomper?) 
have questioned this inference, on the ground of their finding that Torula species 
utilize a wider range of amino acids than do the haploid Saccharomyces yeasts. As 
for discrimination between the haploidy and the diploidy of the Torula species, 
however, the cytological situation has not yet been satisfactorily elucidated, nor is 
genetical evidence available. The writer’s attempt to induce sporulation on the 
various sporulation media devised by Lindegren” has so far been unsuccessful ; 
moreover, application of the mass-mating technique still failed to cause copulation 
of 7. rubra with the haploid Saccharomyces of standard mating type @ or a. 

In this respect, analysis of survival curves on a multitarget basis’? seems to be 
quite useful: since diploid involves the genetic units in duplicate, a plot of log frac- 
tion survival against dose of irradiation falls onto a straight line, which extrapolates 
back to about 2, while in the case of haploid it passes through 1°). Herewith, an 
effort has been made to analyze the survival curve of 7. rubra under ultraviolet 
irradiation. The present paper includes the results of the investigation on this 
species, and also of those made on both haploid and diploid strains of S. cerevisiae 


as serving as the basis of comparison. 


Material and Method 


Yeast strains. The stock of 7. rubra used was originally obtained from the 
Nagao Institute in Tokyo several years ago, and it has been stocked in this labola- 
tory since then. For the parallel experiments, were employed the stocks of S. 
cerevisiae as material, i. e., the haploid strain, 8256, which requires adenine for its 
growth, and the diploid strain, MD-J1, obtained by H. Saito (1956) through mating 
the two Lindegren’s haploid stocks, 8256 (mating type a) and 17807 (mating type 
a). 

Media. Constituents of the three synthetic media adopted for the present study 


are as follows: 


* Contribution from the Biological Institute of Ibaraki University, No. 32. 
+* Biological Laboratory, Ibaraki University, Mito, Japan. AWA SCHEME Dias 
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(1) Complete medium (2) Minimal medium 
Glucose soAO), ) exe Glucose 2ON0N 2 
PEptOmer 2 o.cecein. oanunern ene ceieecccd SOO ay As paneaveine sadssse eer bee Resa Sta Mb © 5 
CET Oy peepsetee eee eet ele tiacs cotta ces neaO ony KH P Ogy see ce caer eere aes ee Oe sen 
MgSO4 Ry cea see es ee ead a IN McA OM on ep entnnrarepeetn ms a: at acces SUSY, a 
WCBS CSORAE 2e-dgonipnscnetooscsesnor GW pr CaCl, ee aa ee i Dag 
Winawnainiay cece. “f ' Rechte eee CINEUEGS Of, oe comeccanee sor ceeee nt oer We 5 
Riboflavine ...... Fe On eee se ence hae Oe seh lige AANA eh em i A se ee ¥ 
@aapantothematern.ws-e-cens dense ZOOM, Ca-pantothenate ........... ee 200 7 
; ten 7m 

INGUONAMIS BNCING! 2 aha iccessteercanconpcsccs AU) %, BiOti tien. seeee eee Se eek oe 
INM@O MONE ENOOIG!  acseeaanenanonnescesnescon 10K) 5. TA COUN TTC Lancs sececacne ca taeee br moe eRe OM OS er 
ISMIOTFIRON NoMa A sscnerraca see soe ee RaecRecar tt, ai cer oe Trace element solution Pe 

Ine hNe Seveviralcen aenasn ce mace soe fone actiertobora: LOO Bae eee eaiste? Burkholder’s prescription 
MOST EO] reneetecee- ost sitoatsace ates sess ee MUL, Be: Distilled water. saasecmecse4peaee seer 1,000 ml. 
ANGIE ITIL nak an estan ees dati ease ah ead WOM <x 
IDiepem el iyeleCIr oun ecereBepcsnek 1 000 ml. (3) Nitrogen-free medium: identical 


with the complete medium but without 


peptone. 
* Omitted from the media for MD-11 


and 7. rubra. 


Procedures. A small number of the cells from the stock culture were incubated 
on the slant of the complete medium for 3 days at 27°. The fresh cells from the 
slant were then heavily inoculated on the slant of the nitrogen-free medium and 
once again incubated 2 or 3 additional days at the same temperature. After this 
incubation three loops, each 2 mm. in diameter, of the cells were suspended in 5 ml. 
of distilled water, shaken 10 minutes by a vibrator, and passed through a glass 
filter (3G-3 of Shibata) to remove any budding or clumping cells from the sample. 
One ml. of the filtrate was re-suspended in 2 ml. of 10 per cent gelatin solution kept 
at 37°, and the solution contained 4x 10° cells per ml.. With a loop of 2x4 mm. in size, 
film of gelatin was taken up from the suspension and dried for 10 minutes in a 
horizontal position. The film sufficiently solidified was then exposed for appropriate 
lengths of time to ultraviolet rays of 2618 A in wavelength, the rays being served 
from a Cu-arce light passing through a quartz monochrometer®. Immediately after 
the exposure, the loop was dipped into 1 ml. of sterile distilled water at 37°, the 
gelatin film being melted therein. Each 0.1 ml. of this water suspension containing 
4 or 5x10° cells per ml. was spread on each of four agar plates; the irradiated 
samples of the haploid Saccharomyces 8256 were plated both on the complete and on 
the minimal medium two plates each: those of the diploid Saccharomyces MD-11 
and 7. rubra stocks were plated on the complete medium exclusively. Three or four 
samples from each stock were irradiated and treated in this way. After a 3 day 
incubation at 27° in the dark, fraction survival was determined for each plate; the 
results were then averaged for each exposure for each stock. 


Results and Conclusions 


Survival curves are shown in Fig. 1, in which the log fraction survivals 
are plotted as against the irradiation dose in minutes. The curve for the diploid 
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population (MM/D-11) shows a shoulder phase leading into a logarithmic inactivation 
phase at about 50 per cent survival, the latter phase extrapolating to about 2. In 
contrast, the haploid populations (S256) exhibit exponential survival curves extra: 
polating to 1, regardless of the kinds of media, the complete or the minimal. 7. 
rubra population is inactivated also exponentially, and the curve clearly indicates an 
extrapolate at 1. This suggests, contrary to Schultz and Pomper®, this species to 
be haploid, even though it lacks both mating and sporulation abilities. The inactiva- 


tion curves of the haploid Saccharomyces and T. rubra have commonly resistant 


phase initiating at about 20 =—@= MD-11 
10: or 15 per cent -sur- pra. —o 8256 (CM) 
vival. But it is not ee Ps (MM) 


certain whether this 7? Ne 
phase depends upon the @ _-@ O T. rubra 


resistant mutants. in- 


duced by irradiation or 
upon the cells sheltered 
from the exposure in 
the back of the wire 
loop. No determination 
was made beyond 120 +7 
minute irradiation, be- 
cause it was impossible 
to get a continuous wes 20 40 60 80 100 120 


spark over this time Fig. 1. The survival curves of T. rubra, and the haploid 
and diploid strains of S. cerevisiae. Ordinates: survival 


limit by the aparatus 
fraction; abscissae: dose of ultraviolet in minutes. cm: 


here used. After irradi- complete medium; mm: minimal medium. 

ation the inactivation 

rate of the haploid cultures seems to differ one another, according to the different 
media; it is more rapid in the minimal than in the complete medium. This dif- 
ference may, at least in part, be due to the occurrence of a certain mutant or 
mutants, which cannot grow on the minimal medium. Definite conclusions, how- 


ever, must await further investigation. 


Summary 


The survival curve of Torula rubra irradiated by ultraviolet rays of 2618 A was 
investigated, in comparison with those of both the haploid and diploid strains of 
Saccharomyces cerevisiae. The population of 7. rubra and that of the haploid Sac- 
charomyces are inactivated exponentially, and the curves extrapolate to 1, while 
the survival curve of the diploid Saccharomyces has an extrapolate at about 2. On 
the basis of the multitarget hypothesis, 7. rubra is tentatively determined to be 
haploid. The irradiated haploid Saccharomyces is inactivated more rapidly in the 
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minimal than in the complete medium. 
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A New Variety of Pullularia fermentans Wynne et Gott 
by Minoru YONEYAMA* 


AIL BE*: Pullularia fermentans Wynne et Gott OYfAsht 
Received January 6, 1959 


An interesting fungus degrading rutin in a peculiar way!) was encountered and 
isolated by Dr. S. Hattori and his co-worker in their laboratory of Tokyo and was 
sent to the author for identification. At first the newly isolated fungus appeared to 
belong to the group of “Yeast” because of 1) the abundance of free cell formation 
of the fungus”) and 2) its lack of dark pigmentation. Further investigation, however, 
seemed to justify its inclusion in the genus Pullularia, after comparing this fungus 
with some strains of this genus?),!),®.** 

Although dark pigmentation is known up to now as one of the characteristics 
of Pullularia, the new isolate does not produce dark pigment on most media. Also, 
the appearance of the giant colony of this isolate is peculiar, compared with those 
of other species of Pullularia. 

Comparative studies of pigmentation and growth characteristics of all the 
recognized species of Pullularia, including the new isolate, were therefore made under 
various conditions. 

Wynne in 1956°) proposed a revision of the genus Pullulria based almost entirely 
on biochemical and physiological considerations rather than on morphology. An 
attempt was therefore made by the author to classify the new isolate according to 
this new scheme. 

Among the species of Pullularia studied, the new isolate resembles the genus 
Candida’) most closely. It may thus be given attention by some mycologists because it 
might fill a phylogenetic gap between the group of “ Yeasts” and some black “Fungi 


Imperfecti”. 


Materials and Methods 


Materials: 1) the fungus in question isolated from the rutin solution, perhaps 
air-borne, the Univ. of Tokyo, Japan, 2) a culture of so-labelled Pullularia pullulans 


* Biological Laboratory, Minami-Bunko, Hiroshima University, Hiroshima, Japan. JAiG KK, 
BES aL, HEY BS . 
*& According to Mr. I. Noguchi, Dr. S. Hattori’s co-worker, the property of degrading 
rutin as seen in the new variety is also observed in the Nagao strain of Pullularia and 


Pullularia fermentans var. fermentans but not in Saccharomyces cerevisiae and very poorly in 
The property of degrading rutin may therefore be a distinguishing 


Aspergillus niger. 
characteristic of the genus Pullularia. 
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from the Nagao Institute, Japan,* 3) a culture of Pullulavia werneckii from Prof. Dr. 
K. Minoura, Osaka Univ., Japan and 4) a culture of Pullularia fermentans var. 
fermentans from Dr. Wynne, Texas Univ., Texas (U.S. A.). 

Culture media used: malt extract, malt extract agar, Sabouraud dextrose agar 
(Difco), dextrose-peptone agar,** corn-meal agar (Difco), nutrient agar (Difco), 
Littman oxgall agar (Difco), microassay culture agar (Difco), Czapek dextrose agar, 
ammonium sulfate medium,*** potassium nitrate medium.**** 

Cultures were made on malt extract, nutrient broth (Difco), in test tubes, 
Sabouraud dextrose agar (Difco), dextrose-peptone agar, corn-meal agar (Difco), 
nutrient agar (Difco), Littman oxgall agar (Difco), microassay culture agar (Difco), 
Czapek dextrose agar, ammonium sulfate medium and potassium medium on both 
slant and plate, respectively. These cultures were incubated aerobically at 25° and 
observed on alternate days for the presence of pigmentation and growth. Final 
readings were made at the end of two weeks. Maximum temperature for the growth 
of fungus was tested on malt extract and malt extract agar at 37°, after two weeks. 
Method for testing the production of acid from carbohydrates was that of Wynne, 
except that a Horiba pH meter was used instead of a Beckman Model G pH meter. 


Experimental Results 


1. Classification of the new isolate in the genus Pullularia: 

Classification was based both on morphological and on physiological considerations 
and comparison with known strains of the genus Pullularia (Fig. 1). Blastospores 
4-78-13», chlamydospores 710-13, arthrospores 613-15, cladosporium forms 
7x13. On Sabouraud dextrose agar, 14 days, at 25°, flat, light colored colony with 
white surface mycelium, finely fuzzy margin. On malt extract agar, at 25°, at first 
light pinkish-lilac colored,®) later dark pigmentation. No dark pigment produced on 
almost all media such as nutrient agar, corn-meal agar, Littman oxgall agar, micro- 
assay agar, Czapek dextrose agar, ammonium sulfate medium and potassium medium. 
Light colored rings of pellicle in broths such as nutrient, phenol red base broth con- 


taining various sugars. No aerial mycelium observed. No growth at 37°. Ferments 
dextrose, mannose, sucrose, raffinose and xylose. 
2. Pigmentation : 


Observations on the pigmentation of some strains of Pudlularia including the new 


* The author is indebted to the Nagao Institute for supplying the culture. 

** The components of this medium were the same as that of Sabouraud dextrose agar 
(Difco) except that the peptone was purchased in Japan from the Kyokuto-Seiyaku Co.: 
Bacto-dextrose—10 g., Peptone (Kyokuto-Seiyaku)— 40 g.,Bacto agar—l5g., per 1 liter dist. 
water. 


** Dextrose—30 g., (NH,)2S0,—5 g., KH.PO,—1 g., MgSO,+7H,O—0.5 g., Bacto-agar—15 g., per 
1 liter of dist. water. 


++** Dextrose—30 g., KNO,—30 g., KH,PO\—1 g., MgSO,-7H,0 —0.5 g., Bacto-agar—15 g., per ] 
Jiter of dist. water. 
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Fig. 1 


Microscopic morphology of the Pullularia. 
Vertical column 
1 st row, the new variety. 
2nd row, P. fermentans var. fermentans. 
3 rd row, Nagao. strain, so-labelled Pullularia pullulans. 
4 th row, P. werneckit. 
Horizontal column 


1 st, blastospores, on Sabouraud dextrose agar, 3 days, at Zou 


2nd, and 3rd., arthrospores and mycelial hyphae. 


4 th, chlamydospores 
5 th, cladosporium forms. 
All are the same enlargement; one scale unit, 2.54. 
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Fig. 2 Giant colonies of some strains of Pullularia on various media. 
a, D, and ¢, malt extract agar with NaCl 4a 5a > b. 109. 


c, 12. 5%, respectively. 
d, Czapek dextrose agar; e, Potassium nitrate medium; 
f, Sabouraud dextrose agar with vitamin B,., 100 vg. per 1 ml. added. 
a-e, upper, Nagao strain; 
left, new variety; 
right, P. werneckit ; 
lower, P. fermen'ans var. fermentans. 
f, right, P. fermentans var. fermentans: 
left, new variety. 
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Table 1. Pigmentation of Pullularia on various media.* 
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* Readings were made on the slant cultures at the end of two weeks at 25°. 
*k Pellicle pigmentation. 

+ dark pigmentation. 

S slightly dark pigmentaion. 

— no dark pigmentation. 


variety, are shown in Table 1 and partly Fig. 2. It was found that distinctly dark 
pigmentation occurred on the slant Czapek agar culture of P. fermentans var. 
fermentans When some amount of vitamin B,, was added (20-100nyg.) (Fig.3). 

3. Giant colony: 

A giant colony of the new variety was different from those of other species of 
Pullularia (Fig. 2-d,e, and Fig. 4). In the case of P. werneckii, mycelial phase is so 
predominant that it is called “mold growth”. On the contrary, the new variety 
produced more blastospores than mycelial cells. Besides, most of the blastospores did 
not become mycelial cells which is usual in “ mold growth” type strain, but new 
blastospores sprouted again and again. Besides, it was often seen that a blastospore 
detatched from the mother cell as if it sprang out (Fig. 5). 

4. The rate of growth in Pullularia: 

The Nagao strain, the new variety, P. fermentans var. fermentans and P. werneckii 
were in order not only in rapid growth but also in size of giant colonies up to three 
weeks. This was the case when these fungi were compared with each other grown 
in parallel on plate cultures of such media as malt extract agar, dextrose-peptone 
agar, nutrient agar, corn-meal agar, microassay culture agar, Czapek agar, ammonium 
sulfate medium, potassium nitrate medium (Fig. 2-d,e, and Fig. 4). 


* Rubramin, E.R. Squibb L & Donds, New York, Division of Olin Mathieson Chemical. 
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Five tube nutritional test of P. fermentans var. fermentans left to right, 


(1)-(3), Czapek agar: 
(1), blank, 
(2), with vitamin Bi, 20 wyug.per 1 ml. added. 
(3), with vitamin Bj, 100 wug.per 1 ml. added. 
(4)-(5), Sabouraud dextrose agar: 
(4), blank, 
(5), with vitamin Bj, 100 wug per 1 ml. added. 


Giant colonies of some strains of Puwllularia, in which emphas2s were placed on 
their appearances as well as their pigmentation, on Sabouraud dextrose agar at 
25°, two weeks, with exception of one week of Nagao strain. Upper left, new 
variety; upper right, Nagao strain; lower left, P. fermentans var. fermentans ; 
lower right. P. werneckii. 

Showing the blastospores sprouting from a short mycelial cell of the new 
variety of Pullularia. 

Hanging drop culture of malt extract, 25°; upper, original; middle. after 30 
minutes; lower, after 40 minutes. 
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When 100 pyg. per ml. of vitamin B,, was added to the Sabouraud dextrose 
agar plate cultures of the new variety and P. fementans var. Fermentans the growth 
of the latter fungus was promoted and the appearances of the two fungi bore a 
resemblance to each other, with the exception of the pigmentation at the central 
portion (Fig. 2-f). 

9. Salt tolerance: 

As seen in Fig. 2, on malt extract agar added with 12.5% NaCl the growth of 
P. fermentans var. fermentans and the Nagao strain were extremely inhibited, but the 
new variety as well as P. werneckii was not affected so much. 


Discussion 


1. Classification of the new isolate: 

The new isolate seems to be most closely related to Pullularia ferncentans var. 
fermentans though the characters of light hyphae and the peculiarity of the giant 
colony of this fungus would seem to eliminate other varieties of P. fermentans described 
up to now as the variety for this new isolate. 

The name of Pullularia fermentans var. candida is proposed, since it resembles 
the fungi in the genus Candida as stated often in this paper. 

Pullularia fermentans Wynne et Gott. var. candida Yoneyama var. nov. 

Blastosporae 4—7 x 8—13y, chlamydosporae 7x10—13y, arthrosporae 6x 13—15y, 
cladosporium format 7—13y. Coloniae in agarico dextroso-peptone planae, pallide roseo- 
lilacinae, mucosae, area centrali elevata irregulariter tuberculata, margine subtiliter 
fimbriatae. Pigmentum produtum and centrum in agarico maltoso et dextroso Sabo- 
uraudii: Nullum pigmentum in agaro farinae frumanti, in agaro Littmani, in agaro 
nutriente, inagarum Czapekii. Non crescit cum 37°. Glucosum, mannosum, maltosum, 
sucrosum, raffinosum et xylosum fermentat. 

Isolata in culturis ex solutione rutinorm in Tokiensi, Japonia. 
2. Pigmentation : 

The following schema would help to explain the occurrence of pigment in species 
belonging to Pullularia: 


O 


>Pp-—»Q 
I t 
X Me 

O represents a genic factor which would cause the pigmentation in all species of 
Pullularia, \eading to Q which represents pigmentation. P is something which would 
play a role between O and Q. X is a substance which may be responsible for 
processing of the course O-P, and Y, another substance for the course PQ. It 
seems to be a characteristic of the pigmentation in Pullularia that the course O->P>Q 
is followed. 

Dark coloring strains such as P. pullulans, P. wernecki, and the Nagao strain seem 
to be capable of completing this course, that is, they have strong genic factors and 
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are able to produce both X and Y on most media; whereas the new variety seems 
not to complete this course, that is to say, it has a certain genic defect or failure 
as regards the course, so that it does not produce X, Y, or both of them?),2%54)), 
That the pigmentation of the new variety does occur on malt media is not easy to 
explain, but X or Y, or a substance or substances which might induce occurrence of 
X or Y, in the fungus may be present in malt extract. P. fermentans var. fermentans 
seems to have an intermediate position between the two types. 

3° Giant colony: 

A giant colony is, as Bornside'® pointed out, regarded as a group of cells arranged 
as a result of fungal development and environmental conditions. So the difference 
between two giant colonies of the two species of fungi on the same solid media may 
possibly due to two factors: 1) the way, in which the fungus tends to produce either 
yeast-like cells or mycelial cells, 2) mode of vegetative reproduction, i.e budding or 
mycelial elongation plus branching. 

Regarding the conversion of the mycelial cells to yeast-like cells, there appeared 
several reports!!),1»),1%,!9,'8), which ascribed the conversion to the effect of cultural 
conditions. However, yeast-like cells which appear predominantly and the peculiar 
mode of their sprouting as seen in the culture of the new isolate may be used as 


taxonomic criteria!), when compared with other species of Pulluwlaria under a certain 
condition. 


4. The growth of the species in Pullularia: 

The fact that the growth of P. fermentans var. fermentans could be promoted 
on Sabouraud dextrose agar by adding a little quantity of vitamin B,, suggests that 
a simple chemical substance may be of some relation to the growth of the fungus 
as is the case with the production of dark color. It is therefore apparent that 
there exists an intimate affinity between P. fermentans var. fermentans and the new 
isolate. 

9. Salt tolerance (Tolerance in hypertonic medium) : 

This property should be sufficient in making a distinction between the new 
variety and P. fermentans var. fermentans or the Nagao strain; it is likely to assume 
its natural habitat is different from those of other species. However, it is regrettable 
to say that the natural habitat is unknown to us up to now. 


The following schema may be finally drawn: 


P. pullulans 


The yeasts group <-— the new variety —— AS 


SSE, werneckii 


P. fermentans 
var. fermentans 
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Moving from the right (dark fungi) to the left (the yeast group), there is 
decrease in pigmentation and rate of the mycelial phase. Fermentation ability is 
present in P. fermentans and the new variety and P-F (center of the schema, which 
is not an actual species but an imaginative one). Many examples which corresponded 
to P-F were discovered by Wynne and the Nagao strain seemed to be an example 
of this type. 


Summary 


1. A taxonomic study was made of an organism isolated from rutin solution and 
to which the name of Pullularia fermentans var. candida was given by the lack of 
dark pigment of hyphae on most media and by the peculiar appearance of a giant 
colony from abundance of blastospores and the mode of their sprouting. 

2. Comparison of dark pigmentation and giant colonies of the species of Pullularia 
was made, respectively ; the lack of dark pigmentation and the peculiarity of a giant 
colony of the new variety were considered to be worthy of using as taxonomic 
criteria. 

3. The position of the new variety which seems to be an intermediate form 
between the genus Pullularia and the genus Candida (Yeast) was discussed. 

4. A substance which might be responsible for possible pigmentation or growth 
of the Pullularia was presumed. 
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In a previous paper") the author has clarified that the decisive role of nitrate ion 
on the plant growth was not in its concentration but in its whole available amount, 
and he explained the depression in growth caused by nitrogen deficiency, on the basis 
of dry matter production”). Now it should be an interesting problem to clarify whether 
phosphate and calcium ions influence the plant growth in the same way as nitrate 
ion does. 

In the present paper the following subjects are dealt with; the relations of plant 
growth to the amounts of phosphorus and calcium supplied, the significance of ion 
concentration for the ion absorption and plant growth, and the changes of photosyn- 
thetic activity and dry matter production caused by phosphorus and calcium deficiency. 


Material and Method 


Chrysanthemum coronarium var. spatiosum was used throughout the experiments, 
because of the fitness of the plant for the nutrient experiment, as mentioned previously”. 
The experiments were divided into two series of cultures, i.e. phosphorus and calcium 
experiments. In both cultures, the procedure for the establishment of seedlings, 
culture method, and constitution of standard culture solution used were the same 
as shown in the previous paper’). 

Five plants per pot were harvested at random every 10th day. After weighing 
the fresh weight of leaves, stems and roots, the materials were oven-dried at 80° for 
determination of dry weight of each organ and for chemical analyses for phos- 
phorus, calcium, iron, etc.. Those chemical analyses and the measurements of 
photosynthetic activity and respiration were done in the same ways as described in 


the previous paper”. 
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I. Phosphorus experiment 


In this experiment, the source of phosphate ion was given as KH,PO,; The 
culture experiments were carried out for 60 days from November 16, 1953 in a frame. 
Three culture sets were prepared; one of which contained no phosphorus at all (desig- 
nated as O-P), and another contained sufficient amount of phosphorus (KHLPO; 
0. 05¢./1.) throughout the culture duration (designated as +P). The other contained 
the same amount of phosphorus as the +P set for the first 30 days, but after that 
the plants were cultivated under the no-phosphorus condition (designated as —P) 
for following 30 days. 

a) The effects of phosphorus deficiency on the growth. 

The initial mean dry weight of a seedling 
waslmg.. The plants of the O-P set continued 
300 Z 5 hrs: 
their slow growth until 30th day of cultivation, 
when they reached about 10mg. in maximum dry 
weight. This growth may be due to phosphorus 
stored in the cotyledons or some contaminations 
of the used chemicals. On the other hand, the 
plants of the +P set grew normally with a 
steady growth rate until the end of the culture. 
While, the plants of the —P set grew more slow- 


MG.DRY WEIGHT PER PLANT 


ly than the +P set plants after the transfer to 


the no-phosphorus solution, but no stoppage of 


0 10 20 30 40 SO 60 growth was observed, probably being due to the 
DAYS ‘ : 
; phosphorus already accumulated in the tissue 
Fig. 1. Growth curves under vari. i : : : 
aie phosphorua trestmente: sxe texe in the preceding cultivation. These features 


are shown in Fig. 1. 

In order to determine whether phosphorus has its effects on plant growth in 
concentration or in whole amount, an additional culture experiment was carried out 
in the autumn of 1955. Two pots of low phosphorus concentration (initial concentra- 
tions were 1.76 and 1.80 p.p. m.) were prepared, together with a control of 50 p. p. 
m. phosphorus. The procedure was the same as the above experiment. It can be 
seen from Fig. 2 that phosphorus concentrations in the solution diminished until 
about 0.3 p.p.m. linearly with dry weight increase of the plants, and there was no 
difference in the plant dry weight between high and low phosphorus levels, though 
the phosphorus of the latter was perfectly exhausted by the 37th day, and the 
absorption rate of phosphorus decreased after the 20th day or below 0.3 Dp. D. mH... 
This result agrees on the whole with Olsen’s®),“),., who found that phosphate 
absorption by rye and kitchen kale was independent of concentration above 0.003 
m. eq./l. (about 0.1 p.p.m. of phosphorus). It is difficult, however, to elucidate the 
reason why there was no difference in plant growth between high and low phosphorus 
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levels after 37th day, in contrast with the 
results illustrated in Fig. 1. 

b) Chemical contents in plant tissues. 

Symptom of phosphorus deficiency was 
visual in dark greening of leaves, especially 
in older leaves. This fact has been well 
known®. This symptom was due to high 
chlorophyll content ; for example, chlorophyll 
was 7.8mg. per 10g. fresh leaves of the 
+P plants, while of the —P it was 14.4mg., 
on the 60th day of culture. According to 
Rediske and Biddulph,’) dark greening of 
leaves caused by phosphorus deficiency ap- 
pears to be not the result of direct accelera- 
tion of chlorophyll formation by phosphorus 
deficiency itself but that of the increased 
iron-availability caused by phosphorus defi- 
ciency. Their elucidation seems to hold good 
for the present experiment, because iron 
content of 0.40mg., detected in lg. dry 
weight of the phosphorus-deficient leaves 


after 60 days cultivation, was exceedingly 


higher than that of 0.01 mg. in the phosphorus-sufficient leaves. 
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phosphorus in medium. 
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50 


DAYS 


Plant growth and changes of 


of phosphorus. 
medium containing 1.80 p. 
of phosphorus. 


dry weight of control (50 
p. p.m.) plant. 
dry weight of experimen- 


medium containing 1.76 p. 


Phosphorus concentrations in leaves, stems and roots were analysed at successive 


stages of growth (see Table 1). Phosphorus levels in tissues of the O-P plants 


decreased rapidly during the first 10 days and slowly later on, and those of the —P 


plants also decreased markedly after transfer to the no-phosphate solution, though 


the phosphorus levels in each organ of the +P and the —P plants were strikingly 


higher than those of the O-P plants. The fact that phosphorus concentrations in the 


plant tissues suffering from phosphorus deficiency decrease up to a certain minimum 


Table 1. Contents of total phosphorus at successive stages of growth. (Per cent 


on dry weight basis) 


Phosphorus gay | 10 days | 20 days | 30 days | 40 days | 50 days 
: ee ee 0.51 0.48 | 0.40 0. 40 0.37 
Leaves) 2oP | ee = i ae 0.31 0.14 0.13 
7 ‘Sits | ee mT iat Sor an es 0.10 0.08 | 0.05 0.05 
ce. | ae, | 00035) |) Wide 0.40 0.38 0.34 0.29 
Stems si P — —- | = 0.40 0. 36 0. 22 0. 27 
O-P 0.44 0.13 0. 10 0.13 0.10 0. 06 0.06 
0.38 0.85 1.01 0.78 0.92 0.91 0.55 
te ie i ib es 0.78 0.61 0.47 0. 35 
O-P 0. 38 Ge ah 017 0.09 0.07 0.09 0.09 
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level, may be useful for the identification of 
phosphorus deficiency in field-grown plants. 
c) Photosynthesis, respiration and dry 
matter production. 
Light-assimilation curves of the +P and 
the —P plants after 30 days from the transfer 


MG.C02/50 CM*/ HR. 


to the no-phosphorus solution are shown in 
Fig. 3. Phosphorus deficiency caused a marked 
0 5 10 15 20 decrease in the photosynthetic activity, in spite 


PEGI INMEASTIOE Asse of the high chlorophyll content of the leaves. 

Fig. 3. Light-photosynthetic cur- 
ves of +P and -P leaves after 60 days ; 
cultivation. Temperature 20°. parallelism between chlorophyll content and 


This result does not agree with a well-known 


=O BS 4. PRE @ se SP: photosynthetic activity®),®. A marked decrease 
in respiration caused by phosphorus deficiency 
can be seen from Table 2. The decrease in leaves was the greatest of various organs. 


Table 2. Respiratory activities of each organs of the +P and the —P plants 
after 60 days. (at 20°) 


(eaves Stems | | RoomsvaG 
(mg. CO,/50cm2./fr. ) (mg. CO,/100mg. (mg. CO,/100 (mg. CO>;/100 
a pee: W/h ir.) _| mg. IDE Wey lates) Unig. DOW fbr) 
a IP 0.38 0.41 On 33 0.32 
=i (0) 12 (Q). I) (0). 233 0. 26 


Furthermore, gross production and net production per day were calculated from 
the photosynthetic curves and a diurnal curve of light intensity in December in 
Tokyo, on the 60th day of cultivation (cf. previous paper as to calculation method). 
Major values are indicated in Table 3. The relative daily net production of the +P 
plants was 6.6% of their dry weight and that of the -P plants 4.0%. These values 
correspond fairly well to the gradients (7% and 5%, respectively) of growth curves 
in Fig. 1. Moreover, the value of 6.6% of the +P plants is rather low, which seems 
to explain the empirical fact that this crop grows in the field more slowly than such 
crops as rape and spinach do. 


Table 3. Daily production of +P and pet plants after 60 days. (at 20° ) 


Dry Weight (mg.) han area Pg 
Leaf Stem Root Total Ccm?s)) (mg.) eee ae 7oPn 
abe 179 39 515) 273 (Bs 2 22.8 4.7 ey ol 6.6 
= |p 126 30 37 193 ilar 10. 4 “asf Toll 4.0 


II. Calcium experiment 


Four calcium levels of 0, 2, 5 and 15 p.p.m. (added as CaCl,) were prepared. 


The culture experiment was carried out for 50 days, from April 29, 1955, without 
renewing the culture solutions. 
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a) Amount of calcium and plant growth. 

In this experiment the initial mean dry weight 
of a seedling was 2.2mg.. The growth curves in 
Fig. 4. obtained under various calcium supply show 
that the maximum plant weights are roughly propor- 
tional to the total amount of calcium Supplied in the 
culture solution. It is noticeable that cations, such 
as calcium, influence the plant growth in the same 
Way as anions such as nitrate and phosphate do, and 
it might be expected that the growth of the plant is 
not determined by the concentration itself but by the 
whole amount of cations. These features are very 
important for the quantitative approach in field ecology. 

b) Calcium deficiency and calcium content in 


the plant tissue. 
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Growth curves under 
various calcium supply. See 
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Table 4. Ca’cium contents (per cent on dry weight basis) and the ratio of 
non-photosynthetic (stem-+root) to photosynthetic system (leaf) (dry 


weight basis) after 30 days. 


{roan Cae O) Ca-2 Ca-5 Ca-15 

Ca- Leaves | 0.37 0.37 0.39 0.63 
Stems | 0.54 0. 36 0.32 0. 45 

content Roots | 0. 69 0.49 0.42 0. 41 
Stem+Root/Leaf | 1.33 | 0.82 1.07 1.07 


The plants deficient in calcium showed the 


wn 


Oo + 
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characteristic symptoms of calcium deficiency 
i.e. necrosis of the apical buds and abnormal 
development of each leaf, suggesting immobility 
of calcium within plant organs. This is inter- 
esting along with the fact that no great differ- 
ence was found among ‘calcium contents of 
the plant tissues of various calcium levels as 
well as of various organs (see Table 4). 

c) Photosynthesis and calcium deficiency. 


LIGHT INTENSITY  K.LUX 


Fig. 5. Light-photosynthetic 
curves of Ca-5 and Ca-15 leaves 
after 30 days cultivation. Tempe- 
jeanne ZA 


Oe Cio - Cats, 


Photosynthetic curves per unit leaf area ob- 
tained in the leaves of the Ca—5 and Ca-15 plants 
on the 30th day of cultivation show that there 
no was conspicuous difference between them, 
although the marked difference was observed in 
the plant dry weights (see Fig. 5). However, on 
the dry weight basis, photosynthetic avtivity of 
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the calcium-deficient plants decreased considerably on account of their succulent 
leaves (for example, dry weight of 100cm.’ leaves of the Ca-5 and that of the Calo 
plants after 40 days cultivation was 426 and 293 mg., respectively.) The decrease 
in growth caused by calcium deficiency seems mainly to be attributed to the retar- 
dation in development of leaf area, although further experimentations should be 
required to elucidate perfectly the growth depression caused by calcium deficiency, 


based on the dry matter production. 


Summary 


Regarding the relations of the growth of Chrysanthemum coronarium Var. 
spatiosum to the amount of phosphorus and to that of calcium under water culture 
conditions, the following results were obtained: 

1. The effects of phosphate and calcium ions on the plant growth were considered 
not to be in its concentration but in its whole amount which is available for the plant. 

2. Phosphorus deficiency causes the increase in chlorophyll content in leaves, 
consequently dark greening of leaves. On the other hand, the symptom of calcium 
deficiency is the necrosis of apical buds and retardation in development of each leaf. 

3. Phosphorus deficiency results the remarkable reduction of photosynthetic 
activity per unit leaf area and the decrease in respiratory activity of each organ. 
Calcium deficiency seems to give no such effect on photosynthesis per unit leaf area, 
but brings about a considerable decrease of photosynthesis per unit dry weight. 


4. Decrease in plant growth caused by phosphorus deficiency was explained in the 
light of dry matter production. 
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Table 2. Pollen tube growth in ethanol and methanol expressed as percentage 
of growth in control. 
i Alcohol Alcohol 
Metha Control Ethanol Metha- 
Flower |Control Ethanol nail Flower ontro nol 
Conc. Conc. 
% 158 : fe 0.01% 150 96 
Thea Water) 581 3g | iss | Zmbatiens | Water) 9.951 904 | 117 
sinensis | 22° a4 17 | 408 | Zang: 29 0.1 115 269 
0.01 106 89 0. 01 274 192 
i 0.05 69 | 120 Warers” 59.050 | eat ae at 
0.1 ih 12S} @. il 308 131 
0.01 110 200 0. 01 309 182 
4 0.05 | 100 | 370 Water! 0.05 | geea iwect2 
(eal 170 150 0.1 burst ie 
0.01 | 213 | 175 1 0.01 | 303 87 
p 0.05 | 200 | 235 Water «0. 05.)|Wad88 | = 100 
Oe 288 175 0.1 burst 64 
ee ; Al yer | o.o1 | 210 | 160 
” 0: 08 te "38 Impatiens | Water) 9 95 240 210 
Ox 64 | 107 | balsamina | 24 0.1 970 | 540 
ie | (big) gente. 
yaa br 
Hypericum | Water ne ae oo Water | 4 = a a 
EEN RAY Ne Beet) 145 | 140 || 24° 0.1 148 | 205 
0. OL V2 64. 0. 01 212 203 
We) 20.05, Ge sige ae Water! 0.05 | 648 | 164 
OM 56 146 2 On 149 403 
Table 3. Percentage of pollen germination in alcohols of various concentration 
——— a aioe ~ Alcohol | ~- _ a 
Flower Control Ethanol | Methanol | »-Butyl s-Butyl t-Butyl 
Conc. 
: 3} 0. 01 23 23 
Hypericum 
chinense Cee 0.05 32 45 
20 0.1 25 oe 
76 0. 005 79 86 82 85 83 
Sucrose 0. 01 63 15 66 86 80 
15% 0.05 Tal fs 165 89 87 
Camellia 18 0.1 54 72 69 52 68 
eae i 0.01 17 20 35 19 38 
Ghee 0.05 on 57 39 18 one) 
mile ) 0.1 8 9 10 25 29 
Flower Control | iso-Butyl | Amyl iso-Amyl | m-Propyl | iso-Propyl YEN hes 
Camellia iil 42 5) 20 23 30 42 
japonica Ce 12 9 0 49) 35 6 
Pie 28 6 0 9 29 34 
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Fig. 1. Promoting effect of methanol and ethanol on pollen germination by Van 
Tieghem’s apparatus. 1-3 Tradescantia reflexa after 2 hrs. 1) in 10% sucrose solution, 
2) in 10% sucrose solution containing 0.01% ethanol, 3) in 10% sucrose solution con- 
taining 0.01% methanol. 4-5 Camellia japonica after 3 hrs. 4) in water, 5) in 0.05% 
methanol solution. 6-7 Tuliba Gesneriana after 24 hrs. 6) in 15% sucrose solution, 7) 
in 15% sucrose solution containing 0.05% methanol. 8-9 Tritonia crocosmaeflora after 24 


hrs. 8) in 15% sucrose solution, 9) in 15% sucrose solution containing 0.05% methanol 


x 83 


112 fiw = ME Gé 


ws 72 %& 8 849 
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Table 4. Effects of alcohols on the plasma streaming in the hair of the stamen of 
Tradescantia reflexa Rafin. at 25° (+means stopping) 


Conc. | Ethanol |Methanol| »-Buty] s-Butyl | t-Butyl | iso-Butyl | 2-Propyl | iso-Propyl 
1% = = a = = = = = 
2 _ ap = = = = = 
3 a ar = te = a = = 
4 = = ar a + + = = 
5 = ar ae as -F + aR a6 


RMR Zk, xe —veMRIMUK OTC 
control (C< BNT 2.7 Flt, 

(2) SPMITWT SBE: Lave vary 
Dit b) % 10% UL xtam, Bim 23° CHB It 
Tre X 30 DROP FRE 8% S)ewy, = 
AP —WVEXR DP —pwe0.1% I1C75 HA EH ITHMA 
Sk, RWFRBILENTH 12%, 16% BIC WK 
UeePa UV eX (AB) EVN (60 2 
) OBBICME VRBRILE 3ROKL I CH 
Tro DINE OEM ® U & MAK CHE S VGA IT 
ik, FoI BINT 8 FS KL PIE 
10% MU D>BMAULZEWDS, 7k CHES wWKBS 
(Cla, =A 27 —y Xe FD 9, NF Fy, t-S SF 
wv, WE CIRIMS 4E 20% WER, Es 
—¥ FAULK CLF BOUL ET Ep SDS, = 
AI —-M,XR) —WVERIMNG ZL FEFRIX 20% 
WA ESER UTE, 

FFRERGOBRITIZ, FEMDOM SKS 
VDILERC, ZRI-WEXA SP -—NeMAT 
Beth Gilt Fig. 1 itm k 5 1c control itH~ 
THUY, AFYAEVYVAIAY OMAR lS 10% UE 
PA ClLVL7RULIZ VS < 4% BE CH AB, re 
P= WEE ot ) Wes WINE: Meiners Je G) ke 
INA. 4 & FEAL 20% FARE IT 7s) , TERY EE OLE 
6dAUTC, GE ILMI~3), Hlir va — IRM 
DPEDBWE USL < MOE NIZDILY NF OTE 
Cs, AR CITED EE OUR ISVS AID eds, x 
2/7 —wv% 0.00% IW7EZEAICIMAS LTEME 
OPRDBIBALIC, GB 1M 4-5) Fa-—VyPt 
ILINEIEEW SUSY < tha, 15% Ui 
BIT, XF 7 —we 0.05% ICHAEL DITMAS 
& 24 WRIT ISIEM A ORAS HA S Nie, 
CB 1M 6~7) Hie x er AAA evoOspEY 


ik: 15% Lx Rem ChSRMAL TURKS DS CB 
188), 2% #7 —wv*% 0.05% (C7 ZED ICMMA 
ZtLMOMICAHT ED ICMBLEWC, HF BIS 
VLEET & ODHF TF 4 CE PBMBINTC. 
(3) JIRBARRICNT 4B: LGtAVA 
D+ DIEM ORE UI 4 ORK BEIT UTA 
A FICE), AAT OE & DS 28° CT 2.8 px/sec. 
tf ELIA O®, 0.05% DOX2I—-—WC 
BpPsAZLBMArld 7.1 p/sec. ttre, HI, 
KRGYEVLD FY ORMUNOA Cis 28, DE SIK 
Fa-G 4.2 p/sec. D3 OX, 0.05% OX 27 —w 
CHSDATAT CUBS BOD, RC MBAL 
20° Oe S7kHie 0.7 4/see es aire 6 D2 
0.05% OX #7 —WV CHES DASA E 2.6 p/sec. 
EU ieee NGs ey LD aay 
DEO Twi AANE % FLUC RA 75 FV A VOD 
Ee A imhd 7 va VO EORBROBS Tit = 
} b> ® dS TR BB ARITA T 


Gi tk O i B 


LORERORRITEML, BOF va—wit 
JEM) DEF % (EE S PSEA RE os TOHTLED 
bps. COMBE tock so CADRES 
730. 01~0.05% FHRE TC, Betas L x BRE UL 
RAK Clim BB OF EES CHS. U 
PUL, KEV «PME CURMBELbH5 ES 
C, PIAILF » OTE Cit, 15% OU HR 
control ELT, *#7—% 0.01, 0.05,0.1% 
CTSLIICMAS CTEM OME (% id 107, 
211,200 & 83 THe HPAES 0.05~0.1% CHS 
control @KEUKYAITIS, B1RDPSdDpSas 
kD Cie KE 140. 05~0.01% CHS, ¥iz, 
7 YH CERK SUA OJEM IL & UGE E 0 


March 1959 


SRB OASWTC EBB 2DPSMANS’, 

VF ERTILT VIA-NO MEME ADL 
AERM SNH, EOIEPOSOCILS 
FP—-WEXBP -WVPBWODELABE UIABIEVE 
2h2TWOS, FHI ov 4S HEE & BO 
ENA BID, RIV IVA—jy, Pa ey 7 Vy 
A-WlLEVRYADLIZCAANDs OZ RU 
SEHR S), YF UNI) —NVCAREL 
(Gly eel 

ARRICLAY ZU BEROBSICT va—w 
% 3% BER MICMASL, RHOKRKORE 
SHINS, FT UBOAMBIZUEUSZUS 
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TWSD, 6 DLW IS EPG UE, FE 
MOWAT, MRR MMKT SLES ITMIK® 
MET ZRHLBAGNS, CHAD HVA 
DPY¥OE SICAL PTUVEM CIS, AP Ww 
PAA —WILERINA S EMBDD 7 < 754 7 
ER, ERE AP AA VO ESIC yee 
FT CARMALTLES 8 OCA, X27—-—v eI 
ASEMFITATECE>CHSN4S, COED 
(C, Us PRRISU ClLMAT 4D 7 va — wv SIM 
ADCS SE OSHS, CHE COL CAZ 
OMITlLA SN PoI, CORERRS BIZ h, 
AT SSHHIT IS ZTE) OFEFITUD TIS AARIT SB 
WESTIN, HIRD ZNBMCH45, 


Summary 


The effects of alcohols on the pollen tube growth, the germination percentage 


and the plasma streaming in the hair of the stamen of Tvadescantia reflexa Rafin. 
were observed. Alcohols tested were as follows: Methyl, ethyl, -butyl, sec-butyl, 


tert-butyl, iso-butyl, amyl, zso-amyl, n-propyl, iso-propyl alcohols and cyclohexanol. 


Various promoting and inhibitory effects were obtained, as shown in tables and 


figures. Especially, methanol and ethanol of 0.05% were effective as activators in 


many cases. 
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Cytological Studies on Micrococcus 


elutamicus. Part II. Electron-Microscopic Observations on the Morphology 
and Construction of the Celi, and on the Polar Granule. 
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Micrococcus glutamicus (COWT, FLY CS 
EL UT methylene blue WEL cell 
wall Yfa% LCRRERA IL eB L, DO 
EWI ZRHADBW biotin OFPKL 5 tia 
CANZTERMSDITL, HL < (CMEHO 
|) BORER BD, COWRITQATON, H 
DwteT E ORABRA BRL CHADHITES 
Ge ernie 

ANCL, FEF ABIIT ESR, & < ICS 
WRIT KE ABR eB C753 TAR OR (AMIIC 
DWTHFO MPA, SX 51T MND Vdwo 
4volutin granule (C—-Md44DCH49T7 
t BIS DICLROG, CCICMETA, 


LRM Rt LOLA 
EFA ItK, Heth LURES CL LR < 
DLK<ORKOCHKT 4. BBO RICOWT 
sezORCONS, 


ia R 

1. RPBALITOUVT 

oS LICIsl) ChE HKU 4 Dik Neisser 
Oywesltk OWM4A volutin granule (c—R 
TAceEDMSDL 57%, vVolutin granule, 
d& Avis metachromatic granule ({ Coryne- 
bacterium diphtheriae (C33\.T #eSeAY Eda 
HlLEMMUNT MBS ZACH OB, EOLA 
Dd, HP NBs EL RIU ©9 RAITH SD 
SMW 70), Aik, polyphosphate *=E 


KEP ZLAVE-DP=VCHALBASENT 
WEIS, COMAIABRITE so THRE D 
D, U4 RATIOS 7S SITUS LEWD 
if: 
2. FRB L A RENTER BL 

a) glucose bouillon 4 #e 

PRs CUFEMMR CIS) Ich 
if, glucose bouillon Be#iTBWUTEBEH<S 
volutin granule +422 6n498N OFF 41S 
bPChS. CORMORNOXK & Stk) 100~ 
150 mz G&b, methylene blue #f4iTk oT 
ZOPEDBBD 52s PoOlW, TCOLIITA 
DY TIPSwW?IDCHS45 COMODWIED FP). 

HADA® Sis, glucose bouillon Gide £ 
2 0.5~0.8x1~1L5p ChWORPBNEeS 
ST ApPRABeRT, CORUAISICHITE ABSA 
&.) PPh sis 

b) Arak Reth 

1.5~7h Offlz volutin granule [Ak HHT 
RECS, COKE Sid 300~400 my ICH 
TS. TOTEM, CORY CHEB BRS 
ARNICISs Iz —- NCHS. 

9~12h (73st T bE EM MR CRAITAD 
54S. 

methylene blue 2 CH 6nicHRewe 
B®, T7Db, RICMATZLAASHNSABAIU, 
electron opaque #iattEUCHMean, 12h & 
BE COPUAITHIIT BD ON, DWRLBA 
SNSEMM’ESMA SNK, CNSLARRAC 
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1) glucose eee a < ee e4ee 72 4O, volutin granule PkpwOMTPawcee 
Ines Dy) eines 1.5 eR BSE, volutin granule (cK 2 2 Sts (eg 5 GC eps 
ae t . > + a 1 
5A, Giees nee GC Lae: granule #XA& < 7 AiaEE CHS 9 3) Aceh 5 RRA 


PE o ale ales ee. fetHi7s volutin granule pm 5714, 4) Aneesh 
Q Hep Fa LS ae 5) pmcketh 12 WISE, MIA ORIS ae Aisi < 7S3 C ie ee ue 
cuole OD 5 eK ODE DENT. 6) Apgprth 24 Ke heee, volutin granule *iw 


Cc po 
ATEIACEIU. MIA OME ISA. 


15 


7) Conti 40 WFR, 8) Ape 72 nema 


mo KALIC ghost cell OF 4 7 i DPBS, 
YJ~11) Amie 3 FREER,  Crw: cross wall, N: muclear site, v: vacuole, VG: vo- 
lutin granule — volutin granule Oi Mate CHE CAF VID THNY Ly BART.) 
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MUTHS, 

20h Dike, AOMREIAS Cit methylene blue 
Wa CRICEDITCHKECH), REUBS RUTH 
Do ZMITHHBROL IAAL HS, —HIc 
72h ¥ COMRC BLMEILk DM TAS tr), 
AMBRE OMS EO AR DOR, ie 56~ 
728 (C3sLT ghost cell DEX A{OFRADT, 
Pr RSH CSRS REDE Ts ITO AT BRIAR < dO 
FEAL, 12h -e 0.7~1.0x1.5~3.0n CBwie 
wh, 72h Citas 4.04 CRWITHITZBAD 
HAD, —MITie 1.0xK2.02n TWHLOMPRT, 

(A LICHT R Rt, AARC OAT 
JEM-T4# GH 4, 

3. BBOIRKICLAAAHEORR 

MBO KGBEMMROFREUTEREUTY 
bw, MAO RRC ERMULOAARHRARe 
LCKH ah, FCIRESOZMBHTANTWS 
a, COCLEDMPSAIRT 4. 

FREE LCR? OFEICLRBaT, F 
isbb, AGRE 3b BELT eit UCR 
Hié, pH 7.2 © phosph. buffer CRIFIZEK, 
2% Os O1 KIAMA, IBD. 7701T 75 
£5it phosph. buffer Mmme UT ME U 
Tc, SERS Ms eMMITT 5, 10 HEH 22h EL 
(fe 

ALi gan b—-salt, ARB POC LOM 
# JUM-3 CHA. 

cell wall O/@ Sli 10mp WRC, BE Ise 
AE OP PEE FITBdDNS, 

MAP PH OUBGe EL, RARITILR 
PICK STIR BDOATEBABW, COMMIS 
UES itis 3A, HUT 1~2 (ACH), OM 
IZ&kDwMT electron dense *BAKi>4F1EF 4. 
MAH, PCHE OKUDA, AMADIS 
RICFELET O38, COMA REBPE MM & — 
RMIZCLEPSAT, WMO nuclear site C 
H257>LBAGNSZ, UL, SL OMAITHYY 
CRD OIF e URIS SLD 
Ans, Mee < fibrous wHBCUSRET 
DS. 

APAITBU ZB, T7rp b, volutin granule 
ON BA - WERE NICIE LT, KS 
APRS EBICTC LIT CHL RY Cai. A 
KN OME lt & DD TH, Lip d OIL 
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+ OD IMAITAPMTWOSZEESACHS, sate 
ome WL ROWRb SD, KSVBAUWENI 
150 my (FT 4D, HEU T 5~20 mp 2 BLY GH 
So COMMIRAB? DR AITISUY TR he 
KIZRRD artifact LitCPREAOCIA: 
WpeEBABS. CORITOUTIASAITHES, 


s R 


SLR? ChB MUI? § Olt, Neisser ye 
HlZ EME, V4 4 volutin granule & Arvrvist 
metachromatic granule CH4L#fEANS, 
fEX TO granule (Cow clsH4SROMRDS 
7ZEMTED, SORANITIU 4 HE M3?4),5),8), 
(KA AY HH BY AG-),7),8),9)10),11),12), Damak BAVCIEV 
4h, HiZE TIX polyphosphate *EfKEULK= 
AWE DI —UVCHS I EBLSENTWO4S. U 
PLEO DM FN Melt BAITED EWOAL 
De 

Be Git 7 ORBNOMIEITHAL, ATO E Fit 
AGO FEIT KE os CRUE, 5~20me OM 
Pptete ChDWIANS 4} ODOKFAITE DM an 
QUES DIC AV Nes, INE LE CRE (EDIE 2 
tk, AAA , HEPA 2 MITT SBI ETS 
FAME ClS A 4 7S CE RUSSIA, RAY IKE 
KADEM@RICHI23T, WDOWS ARITA 
V» beam 2FAHT SL, WK, S2WiF-F 
»y IYROBERPARA EDWG, M. glutam- 
icus DBA, HRV. beam OMAHITWUT | RA 
5OPAL SE eD SNS, BAS O oh (st Cc 
DE ASEM COMM RCLEO EB ATWO SB. 

Chapman BEU Kroll'® (4, Spirillum 
serpens OMIM TEITE AWAITS UT, Ai 
Aric FiO Ki 2% wD, high density parti- 
cle ELLA CWO4D, COMMISH RN BASO 
MZICIEV., LiL mglttc Kite k LAW ORAN 
BAVIRNCT RS, STARRCHS5 ECONRT 
WS. HEGOWAIE LA CPRAICRAUIAD IT 
FEF STEER ORM TEMS WIT AMR TC lk 7S 
a 

LeU f © CRURNT te DSHS REMRGAIT UL Pas 
sTHDSNE<L GATE, PUAFESEAC 
& AMIS &DMCMOTCECHS. Caridlaic 
LOTR Y4ITHET ZOD, HAWITCTCONI 
EDS HtE CLM U ALS EADCH SDD, 
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Wp CW, TCOMBWTKITT SiwDITILS 5 
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Micrococcus glutamicus COWT, EEUT 
AWE BBC, —, SOR eA. 

1. FERENCE 5611S MBI, VDD S 
volutin granule #4v\%xt metachromatic 
RT STL RW SMITUT. 

2. glucose bouillon B#C% X& DW T)a 
V. volutin granule MW, KX lk 100~ 
150 my ERE CAS, 

3. glucose bouillon 42 CiSHADKA @ 
la, BEZ 0.7~1.0x1.5~3.0 4 CHS, 


granule (Ciilz 
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JERERD AS. 

5. volutin granule j3—fPITA RMIT 
UY THEE S NIBA, 1.5~7. 0b DfMIz300~400 
me OXK& SIC#TS 

6. cell wall Oasis 10me WECH), 

FARE SMA LO PREM, 

7. MAIL PPASL<, RITADDTKAW 
wild eZ te. 

8. AIDA & < (CHE OIE Ea DS BD 6 
nh, P fibrous 7m enTD, COMMIS 
nuclear site ((—-%d4t#A6NA, 

9. Pha 1~2 (HCH SDs, EOMITS 
DD TR LBEOS volutin granule * 1 {A 
at. 

10. volutin granule (x 200~400 mp ¢ 6v) 
DKS SIHSD, THIS SIT 5~20 mp ¢ GH 
OOS ee CADAVTWS 9 


WAUWA TIBDS BWW Te, AKA EAA 
fie, BRASH L, BK BR 
oman CHER RATS. 


4, AMPITBUIZAADAS SABLE tad: ADPL OR LL 2a CHV RRS, 
1.0x2.04 CBVUITAL, WEU4ALL ETE HEN #, HAF 32-8698 FO 4 OLI—-THS, 


Summary 


Electron-microscopic observations were made on M. glutamicus. 

1. Polar granules which appear at some stages of incubation are thought to be 
volutin or metachromatic granules. 

2. Very small volutin granules were also observed in the cells which were 
cultured in glucose bouillon. Size of these granules were 100 my-150 my in dia- 
meter. 


3. Size of volutin granules increased to 300 my-400 my in diameter after 1.54 ~ 
7 culture in the synthetic medium. 


4. The thickness of the cell wall is less than 10 my and its density is lower 
than that of cytoplasm. 


0. There are a few large vacuoles in cytoplasm. 


6. Low density part which was slightly fibrous was observed in cytoplasm, and 
may be considered to be the nuclear site. 


7. Usually, there are one to two vacuoles which contain a volutin granule of 
high electron density. 


8. Volutin granule is consisted of many small vesicles whose diameters are 
9 my-20 my. 
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Summary 


Subalpine coniferous forests mainly dominated by Abies mariesii and A. veitchii 
develop widely in the northern and middle Honshti. In Shikoku, however, the sub- 
alpine region is limited, and the climax forest occurs on a rather small scale. The 
mountains where the subalpine coniferous forest is found in Shikoku are Mt. Tsurugi, 
Mt. Sasagamine and Mt. Ishidzuchi, and the climax forest of the subalpine region 
is characterized by the dominance of Abies sikokiana CA. veitchii var. sikokiana). 

The floristic composition and the structure of this Abies sikokiana forest are 
presented in Table 1. Abies sikokiana dominates in the tree layer usually attaining 
to 6-10m. in height. Betula ermani, Pinus pentaphylla var. himekomatsu, and Sorbus 
commixta occur frequently but are not always abundant. The shrub layer is con- 
stituted by Sasa spp., Menziesia pentandra, and others, but Sasa spp. are mostly 
dominant. The major species in the herb layer are Oxalis acetosella, Dryopteris aus- 
triaca, Cacalia adenostyloides, Majanthemum dilatatum var. nipponicum, and Oplopanax 
horridus var. japonicus. The forest-floor, where Sasa spp. are absent or are not 
abundant, is predominated by mosses such as Hylocomium splendens, Pleurozium 
schreberi, etc. 

The floristic composition mentioned above has distinct resemblances to that of 
the Abies veitchii forest occurring in the Pacific side of Honsht. Though the forests 
of Abies veitchii and A. sikokiana may be included in one and the same association, 
a provisional name, the Abietwm sikokianae, is given here. 

Abies sikokiana often comes down to an elevation of about 1500m. above sea- 
level. But the climax subalpine coniferous forest is of course not found in such an 
altitude, and Fagus crenata is still predominating. It is assumed that the area of 
the Abies sikokiana climax forest is at least higher than 1700 m. altitude. The lower 
limit of this forest usually comes in contact with the Abies homolepis forest or the 
Fagus crenata forest, and the Tsuga diversifolia forest is seldom found in the lower 


part of the subalpine region of Shikoku, 


126 fa = #F 5h 


$872 2% 3 849 F 195942 3° 


#9 bf HR Ht mt XB 


CEVOBH 9 AMS 29 ASCO 1 Aig 
p+) Montreal Css 9 al ERR eAKaD 
OB pPIVA, BB McGill University, Uni- 
versity of Montreal, Sir et Williams 
College CH), SBC OFBICS S77 OTB A 
16 ps 19R= eae ZOCOR 
BeChpNS TEI TWA, B-HORA 


TROSAME DO 6 AICHE FLA IT HERE S TVI7CDs, TAIT 
tb CHS Oli 2 2AM RIC EOCUIEA 
ie#ky 6000 Alt 4EWS, BS AMOR 


MKRs 1954 EIS) COSDANICDS, FAs 
NIT LUT ENDS PTATSIEDHIT HS, 
6000 A kU ABUL, BAW { 6DP~S CHS I 
WON settle OB emetic oe 
AICHE ARBOPTIINIDEXENWIS G 
Dt (2D, Mia OBAANTE s THD OW 
AA WFLA EC LICH (section) RO<¢ 6 
ily 227 a S50 se Sees Sees 
JICEBUTHD, ENEE SICMANMITCH EE 
i Se Aan pacer Soh 
(a 9M 5 12 REC, FRIIS 2 ib 4ET, 
fAfe aed & ABA a Ley HU bis Cispns~k 
DGS (GUN Ae 
RICA aT, FAR, VP RO DP heD 
(ZPWOIZUUGUH 2 LZAUTERS. 
A. BeUURY UT 
l. {ht avF a9 LOMMOUL (4-9 
4 7100 Bain Ya A) 
Vel Grant 
G. E. Hutchinson 


2. ReIAE OAR PERE 
Be. Zp a aati 
229% Y l00Meee ao o ae 
Roger de Virmorin 
2. #- 4 » 100 Fac) 
Paul B. Sears 
3. HEMEL, AE UTAH OR 
i (7 9 VY AGB) 
4, HEE ALE GRR 
C. Baa 
1. AIS ORVME (9 5 23) 


Pierre Dansereau 


A. Kursanov 
#2) E.C. Stakman 


2. pA+# Olthhas k OMG MHHTT ORR 
(GRAB) 

3, Khe OaweoTa7 a (99S As 
Roger Heim 


Jacques Rousseau 


4, WE 
D. BOR 
#1 me 
COBICOVVTORAIS “ Taxon” (CCT 
Ole 
2 UR AROS CARCI Cte) cm 


sites 
COMIC KROVYUROD LT BREBREDSS 
Pe Set Are 


1. FeOKA A. Cronquist 


2. DANE LO HRs 
MS (LAGE 
3. RICH ISAT ST LIT 
ae Ty AAR 


A REO ARAB J. Reeder 
. Bee & SAE P. Maheshvari 
RN Ae OD 6 AMA UARBO 
iE 1b D.B.O. Savile 
SR WERE UP Ror 
1. BAOSUAREIT OUT ORITOM Hh 
G.F. Papenfuss 
2. POSURE OAT D iff Ae 
E.G. Pringsheim 
3. HEM OAR 
4. BS FEO SO AE REE P. Bourrelly 
5. FANCAST ME % & 7s A TOO EAI 


J. Feldmann 


J. Couch 
eA Bey LU Rey oS 
(— AB B®) 

1. Hymenomycetes ©4>*ji A, Rl, Jz 
Oi {RABE A.H. Smith 

2. FOF AMDT ORI LASER IRE 
COBWTREOM TBE & OD MITI ST 

SB E. W. Mason 


PS AAITISU 4 54b Ralph Emerson 
FSM OFA AR IT ES 2% EGF 
Lilian Hawker 


March 1959 


9. ROLE eELS2SERELTO 
heterokaryosis 2} para-sexuality 
Kenneth B. Raper 


6. WR ICU 4 motile flagellated 


cells J. Couch maki 
l. AXOHTHAM SHS 
2. PSMOA SMITE ZAK 
FE 7K 
Polyporaceae M4) A(t AHL PoRERE 
M.kK. Nobles 
RF A a 
l. ECR t OMRLOREICRU 
4% ORS 
2. JAR LES RROBRELUTOLM 
C.W. Emmons 
ae UH 
i abr Sy AGUS blastomycosis 
N. F. Conant 


2. Histoplasmosis 
5m MERE 
PR IF 2s 

1. MELA tL ORKROLH 

2. fA — wv AMRIT A ite 

R.E. Fitzpatrick 

3. FYVFITLAMBME-vVAZOKRE 

M.A. Watson 
4, fAMITMT 2A vb - FOB 
EeJje-Gairus 
5. AVERROMR ¢ HRs 
T. Johnson 
6. fait ZiGBORMORLE 
AJC. Bratin 
7. AT SHITE S 4 IEEE A BID Ape 
J. G. Dickson 


M.L. Furcolow 


8. OPH OH L. W. Koch 
9. FEIRITBU ZDLEREAEMMEIO 
EA E.C. Stakman 


A. E. Dimond 
J.C. Walker 


10. WOW AMR 
ll. i RHORA ¢ ae 
oi 6 mh WEES 
Sais ee os 
hitaeiWiz J. Couch Off 
7 BED 
UIT 7 


Bot. Mag. Tokyo, Vol. 72, No. 849 127 


1; API OER ITS 4 AVEO BK 
— Bx }— R.L. Starkey 
2. ERIC 4 tld ts £ OSTA 
fA, ‘Eke (itty  D. Gottlieb 
3. HVE kO SHIT & AGED 
AP AX 
4. KPARELE LU TOMADX 2 oR YZ 
2, RPE | OEE E. D. Garber 
ra Se A eipics A.I. Virtanen 
8 Bh FRR, fene 
SEE SOM YvUumyUr A 
1. GTENIcIstt 4 Apomixis £ AZ jIGPE 
E. Battaglia 
Alald Maheshwari Oasis 
3. WATERATIIT ISU 4 ACRE, TA, FAFLO RAR 


bo 


M. Cave 
WR, fREHHIAA 

1. RAW Er) AUNT ie 2 K. Muhlethaler 
2. HAD B/E RLEK E. Ball 
3. HALEO RY C.W. Wardlaw 
4, RE ZON RY J.C. Dorney, 
5. SHE OP ET D.S. Van Fleet 
6. STENT Oko E HELL A.J. Eames 
fi 


Sy EF 
BOB AUD Ie & Hy 
EWS Wf oe Iie Es 
1. fiMKinOR A OU Ms 4 EWEN I ee 
2. Fee rt & Ie hel PK it 
3. YRMOADWTOT OM 
4. +4) i (Biosystematics) 
10 mS hee 
YURY US db 
1. Tracheophyta OAPI 4 EE 
A. J. Eames 
2. JRE AINE & HPO SU LIC 
RL UC OMVEICA 
(Fa) C.A. Arnold 
CF) R.M. Kosanke 
oll # AEs 
1. HitpM & 2 OAM NAS L OE 
‘fil] 
2. Ald ONEHEIZ 
3. HIPIKNITBU SKOARVA 
H. Oppenheimer 


B. Brown 


128 i tn FM ab 


4 4A VOWNERBITEU ZEB ADP 
<ph W. H. Arisz 
5, in vivo BEM in vitro (CBIT4.7 B 
B74 VOHKAG Fe WU AS 7 bov 
| Cyominench 
6. SAB BRIRIZOS < EAM OAL 
M. Gibbs 
7. 2RVS-HE LIM AVS -eB 
D. Goddard 
8. EBShiicBU 4A7 VY - ZORA 
HK Porter 
9. BEE HCO’ OLBEUCHS) 
A.I. Virtanen 
10. “ERMEE 2 OFFA 
ibe Zp See 
ii, (EDOLERDA 
T. A. Bennett-Clark 
iii. Ata Kk. V. Thimann 
ll. HiMORAOIICE Sti 
S.B. Hendricks 
12. RRLDOHS4REOAM 
A.C. Hulme 
M. Evenari 


K. V. Thimann 


13. Vernalization = {Aik 
14. AEX TIA MRICS 4 RTE 
B. Huber 


H. Kern 


15. (et BAH ¢C OAL 
16. KiMAAI CIS SMO (F-d4rv 
100 4E70aRY VY Yeh) EF. Bunning 
SI Se or a 
1. Osh CAEN OM a 
2. RARE BS? OA 
ag tit 


W. Reuther 
P.F, Wareing 


1. Je ait) ah et AG 
2. Zsa (Vat 

ae df 

i, JRABELODVA BH Kk. Mothes 


ii, HEMET 2 7 BB ITOWVCOBEDE AD 

Zt eZnoeO0#%D5 F.C.Steward 

lil, 2 UND A C.S. Hanes 
3. RSPR IT AST BABA PELE DE 

M. Chailaikhjan 


Dit 
= 
Shy 
=p 


1. UBT O w5ih te 
2. KOWAL O Hei 


a 72 2 me 849 


1959 a 335 


3. ADU EORMZ HM R.N. Robertson 
4. HAMITHU SLO HY. Gaffron 
5. FEDS An ibanne: 
6. Ali Fo— Fin & aE A S. Aronoff 


SH 12eB HE he 
A. jSVBARIES, BAER, C. APSR 
~, D. ReeeEReY, E. Hi 


John W. Wolfe 
R. Platt 


1. RRA TEA 
2. pe IZ OAR 
3. JEROMOATE LDS 
4. fi POE DBA Ee ze 
D.  HUBAY AMC ASF % th 
6. REI AE HHS Oe HET 
7. ~ REE ITS SH FLW SE Pet ATO ATA AY 
aC Ota eh 
8. BitF Uy » VORME UCOMRE 
813 8 Abe 4 + BRIER 
YA Fe 
1. MYWORE 
2. FPA I AHE RE @ (ELBE ay it 
C.C. Lindegren 
3. BON RO AMIE FAY Is KO SEER AA 
4, FAFOMRB MOSS 4 MI Fs kU 
RUE a5 S29 Ar G- R.O. Erickson 
AP TICS SAMI FAS & OSE BRE te 
SPN ap R. E. Cleland 
6. FERIA, TERRA (AIIC4s 0 2 KA 
fd 
B14 aR RPK He 
IS es 
1. ARPA ICSU 2 A 
2. EEDA CUCL LITISU DEAE D 
aCe 


H. Gaussen 


D. Lewis 


ol 


3. FRE RR AO ESS t HY I. Hustich 
4. AMOS LH A. Frey-Wyssling 
5. AA E. Bjorkman 
6. BAAR OPARVOARR & HEE 

J.R. Hansborough 


7. filgd A.H.Smith ozeag 
8. fad B. Huber O28 
Se Se es 
1. fA SC Bt 7 
P. F. Wareing 


March 1959 


as 
at 


1. AAT FRISBEE 
P, J. Kramer 

81546 Ethnobotany (A fihiig5*) 

AO LUCIA T SOW ICA LAM 

AelCoWTOTNTOME 
B16 Hw rORL 

WhO», RAM, SH, AWRICAG 24 
D5 FHT A aT SATS 

BAD SIS HARE TORU DS, 
(ie CRE S TIVE, ACN PORS, Le 
AIH C&SCH45., lait, GH, MAO 
i RitAKSH RD 5 OKBRORWSE S59, 


Bot. Mag. Tokyo, Vol. 72, No. 849 129 


Hie C&S4 OtC7S E236 ISU, M35, Is 
MIT5~6 AILAADS CAKE HSS95UL, FX 
YH, APF, 3-ByNICHERBHOACHAT 
Kh 64396, GROMPMMMFERITIS, B 
ZHCWEECI a {(, BES OBAADHET 
Bie CEICISS 95 DUVCIG—= I G23 STEW D 

+, BEIT lA——_BZ56<EDPOFAT 
pa ee he 5 B— BORK E DP FMA BO & 
D>, MAAORBRE D5 PIS CHR T 4OC 
2X, EHENOLE )OMMFREUTHHT 4 
DASKTHA CHS TL, BNAOFROKBE 
FR CHS, Miz, AROWMAEORERKRED £ < 
TZVWOD CHEN TRITDIO K < Baill] SIVTWO SITF ¥ 
TEWo Ci Bit Rac) 


130 Hi wy SM i 72% B84 B 1959 4B 3 A 


I A 33 4 ERE ee SRS (IAA 33 42 1 ANAM 33 4F 12 A) 
[a ea * H Oo 
4 ca 988, 500 HH iN a4 1047, 788 
¥ © WG OM 455, 073 ¥6 ss vt Os 
E x4 a 22, 642 hi £2 A h& #B 127, 738 
STIS = 40, 210 xX £ BK B 78, 740 
wil ral aN 145, 411 me &# HK B 251, 612 
SOUS i TU ft fi Ws 250, 000 Kaze RK B 50, 213 
Al f 25, 319 Sa re 26, 376 
li As Kf 16, 900 He } Se ay 102, 000 
iy =f 1944, 055 Jy ail 1790, 868 
ag 4E JE ge ek 567, 233 Ke mR Bh Se 720, 420 
Ws 2+ 2511, 288 i at 2511; 288 
ee ee m3 
GE mn) 
(Ab i38 EB) DLE OT SFC PEI LE UI fide BE 
WN RE 5G BAUR TITIBLSZ 5 38 13 PSL BR STHVETOC, CLCHBDUSHLSY, O 
Bl avisisieeest GMA SP TORISET, 
(RAAB) 
Bl 6 GEOR SER eS h : 
Feo eM SSE IN TIE CH BRD 
GEE SEB) . a i rt CBR) ee ae f eA 
MW Hi PE CAB THT a ae eek bs a ih + HFA; 38-1369 
AASB LST OTE He FB CE) ne pu Ae Bo 
(hE kes) ieee a 
Mf oo rs - de GEAR) TABI; Lae i 
eK Ei USE As» ti eau EMER 
Boo 
ir] ASN ay is yA HA ale III = HfL Cush) Ky VA TAS Hp 
re = eit J : f 7 
ON SE Ak FRNA RRP ca aE HE PL SA 
CAMS ap) 
PFA Bk GR ARATE AZM Sap 547 
Uk Be Joke cane RM AME ee ee 
MN AR C, nt D5} % BRS ES, 


Studies on Spore Germination of Hepaticae 5 
Fossombronia japonica Schiftn. 
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The life history of the species of Fossombronia had been studied by Leitgeb,” 
Humphrey?’, Haupt®, Chalaud’, and Pande et al. Among these authors, Leitgeb 
studied the sporeling of F. pusilla and first described the filamentous protonema for 
this genus. Humphrey also observed the filamentous protonema in F. longiseta, and 
Chalaud described the details of the development of F. pussilla and said ‘La phase 
protonemique est toujours filamenteus”. 

Fossombronia is a member of the Fossombroniaceae (Codoniaceae) which includes 
also Petalophyllum and Sewardiella®. This family, together with the Treubiaceae, 
occupy a position between the foliose and the thallose Jungermanniales. Furthermore, 
Mehra”,*® recently showed that Petalophyllum might be thought as an ancestral form 
of the Marchantiales in respect of the embryology and the thallus structure. This 
idea may be accepted, in some degrees, from the feature of the sporeling of Fossombronia, 
phylogenetically closely related to Petalophyllum, whose sporeling pattern has been 
unknown. In this paper the author wishes to discuss this problem, describing the 
remarkable feature obtained from the present study. 

F. japonica Schiffn. is a single representative in Japan. Formerly, in Japan, 
another species, F. akiensis Horik., was described, but it was reduced to a synonym 
of F. japonica by Hattori”. This species usually grows on moist sites in urban districts. 
The sporophytes occur in the early winter (late November to January). 

The spores used in this study were collected at Nichinan of Miyazaki Prefecture 
on Dec. 25, 1957. They were sown about 15 days after the collection. The media 
for the germination were: (1) Benecke’s solution, (2) Benecke’s agar (2%), (3) 
sphagnum mats with Benecke’s solution, (4) glucose solution (0.5%), (5) glucose agar 
(2% agar in 0.5% glucose solution), (6) sterilized soil moistened with Knop’s solution. 
The media were infused in petri dishes, which were kept at a distance of 50 em. 
from a fluorescent lamp (20w). The experiment was carried out under the room 
geraperauire. In the case of (1) Benecke’s solution the spores did not germinate. 
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Germination 


Spores are nearly roundish, mostly 40-47 in diameter, with narrow wings. Spore 
coat has lamella (mostly reticulate). In the endospore there are numerous oil-drops 
and chloroplasts. The germination of the spore took place in about two weeks. The 
first sign of it was the swelling of spore. The size of spore became nearly two times 
as large as its first measurement. The spore coat ruptured irregularly and the germ- 
papilla appeared, which contained numerous chloroplasts and oil-drops. The oil-drops 
were irregular in size and stained by Sudan III. The spore coat was always attached 
to the basal part of the sporeling throughout the development, usually covering 
several cells. 

The first septum was always transversal, and it separated the germ-papilla into 
two cells, the basal cell and a little smaller upper cell containing more chloroplasts 
than in the former. The basal cel! did not make further cell division. The second 
division occurred in the upper cell with a longitudinal wall. Two cells thus formed 
continued further cell divisions and formed a several-celled, globose cell mass (Fig. 
7, 8), whose apical cell had two cutting faces. The cells formed by this apical cell 
had long axes and they formed a juvenile stem of 3-4 cells thick. 

When the spores were sown crowdedly in small area, the germ-papilla much elon- 
gated (Fig. 11, 12). In this case several transversal septa were formed (Fig..13), 
but finally the apical cell was divided with a longitudinal wall; then it formed a 
several-celled, globose mass, from which a juvenile stem developed. In every case, 
at the apex of the juvenile stem were always differentiated the apical cells (Fig. 9, 10), 
which had mostly three cutting faces and produced the juvenile leaves and stem 
continuously. 

After the differentiation of the apical meristematic cells on the juvenile stem, 
the juvenile leaves developed laterally (Fig. 15). The first leaf was always trans- 
versely inserted (Fig. 17), and the dorsiventrality was determined by the presence 
of a minute unicellular papilla on the ventral side of stem (Fig. 19, 20). On the 
adult plant, this papilla is not observed as mentioned in the literature. It may be 
noteworthy that it appears soon after the differentiation of the first juvenile leaf. 

The rhizoids were formed after the differentiation of the apical meristematic cells 
of stem. They occurred on the ventral side of stem and their cell-wall was purplish as 
characteristic in the mature plant. They were always formed by the elongation of 
basal cells. 

Usually one or two mucilage cells were observed on the margin of juvenile 
leaf as in the mature plant. At first, they were a little smaller than other cells 
in size and contained fewer chloroplasts and oil-bodies. As the development of the 
leaf progressed, the chloroplasts in the mucilage cell gradually disappeared and re- 
mained some oil-bodies in it. With neutral red (0.1%) the cytoplasm and the cell 
wall of it were stained reddish. As in Makinoa', the cytoplasm and the cell wall of 
the rhizoid were likewise stained with the same dye. The other cells were not stained. 
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Fig. 1-21. Various stages in the sporeling of Fossombronia japonica Schiffn. the 
1, 2. Spores, x480. 3-5, Germinations, x480. 6-10. Globose cell masses, 
x150. 11-14. Filamentous protoneme patterns, x360. 15. Earlier stage of 
juvenile plant, x150. 16. Juvenile plant, x90. 17. First leaf, x150. 18. 
Mucilage cell in first leaf (indicated with x), x360. 19,20. Papillae on 
stem, x360. 21. Basal part of sporeling, with two rhizoids, 150. For 


detailed explanation, see text, 
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The oil-bodies were formed firstly in the cells of the primary stem. They were 
very small, less than 2, nearly colorless, and contained more than 20 in each cell. In 
the protonematal cells were observed many oil-drops stained by Sudan III. However, 
they disappeared lately and then the oil-bodies were formed in small number per cell. 


They were not stained by Sudan III. 


Discussion and Conclusion 


As described above, there are some differences between the results obtained by 
the author and by Leitgeb’) and others.2,. The difference in the protonematal form 
may be the most remarkable. This difference probably is thought to be caused by 
different light sources. As already discussed by many authors (cf. Teodoresco’, 
Fulford!’,!9), the protonematal forms of hepatics are extremely affected by the 
environ- mental conditions. 

In F. japonica described here it normally produces a many-celled non-filamentous 
protonema in the condition described firstly. However, when the spores are sown 
crowdedly it often produces a filamentous protonema, which agrees with that previ- 
ously described by Leitgeb and others. Chalaud*) noted that the protonema “ peut 
étre réduite a une seule cellue” in F. pussilla. The globose cell mass observed in 
this study (Fig. 6-10) can be thought to be a primitive protonema by the fact as 
mentioned above. 

The earlier stage of the sporeling pattern of /. japonica and others of the genus 
previously described seems rather similar to that of the Marchantiales. Humphrey?) 
already pointed out that the sporeling pattern of F. /ongiseta “‘ agrees especially with 
that of Fimbriaria californica, and of Sphaerocarpus terrestris var. californicus”’. 

The protonematal stage of Fossombronia is principally filamentous. In this stage 
it usually does not have rhizoids and has a distinct exospore attached to the basal 
cell. The filamentous protonema agrees with that of the Cephalozia-type of the foliose 
Jungermanniales. But two are much different in the diversion of the earlier stage 
of protonema caused by the envrionmental factors. In Fossombronia it produces 
normally a long germ-tube without any septum as observed in the Marchantiales, 
whereas in the members of the Cephalozia-type it does not occur. In the Cephalozia- 
type sporeling the exospore does not attach to the basal cell of the sporeling at later 
protonematal stage (this is significant especially for the reduced, primitive protonema 
of Fossombronia). 

In the Cephalozia-type the differentiation of the stem from the protonema is 
usually direct continuation of the development from the protonema. In this point, 
Fossombronia takes different cource, and agrees with the Marchantiales, in which the 
protonema forms a disk that gives rise to a thallus. In Fossombronia, before the 


* Therefore, in the Cephalozia-type the stage in which the juvenile plant differentiates 


from the protonema is, in any cases, obscure. On this, however, further discussion will 
be made lately. 
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differentiation of the stem, the apical cell of protonema forms usually a globose cell- 
mass, from which the stem develops*. 

Among the thallose Jungermanniales, the similar patterns of sporelings may be 
those of Riccardia and Metzgeria, both of which form a filamentous protonema (cf. 
Inoue™). In these genera, however, the thallus is direct continuation of protonema. 

From the above discussion it may be concluded that the sporeling pattern of 
Fossombronia has essential similarities to that of the Marchantiales. This conclusion 
may serve for Mehra’s theory to some degrees. 

The presence of mucilage cells on the leaf margin in adult plants of Fossombronia 
has been observed by many authors. This mucilage cells are also observed on the 
juvenile leaves developed at earlier stage. As shown by the vital staining with 
neutral red, physiological nature of the mucilage cell is differentiated from the other 
ordinary cells in the earlier stage, and shows similar feature to rhizoids. It may be 
noteworthy that the cell contains oil-bodies up to later stage, when there are observed 
no chloroplasts, as in the oil-cell of the Marchantiales ! 


Summary 


The sporeling pattern of Fossombronia japonica Schiffn. was described and discussed 
with reference to that of the Marchantiales. The sporeling of F. japonica mostly pro- 
duced a much reduced and many-celled protonema, but occasionally it produced a fila- 
mentous protonema which had several septa, as described previously in other species. 
The globose protonema seems to be an extreme form caused by certain environmental 
conditions, probably by light intensity. The sporeling pattern of Fossombronia much 
resembles that of some members of the Marchantiales in some essential features. 
This may serve for Mehra’s theory. The mucilage cells are observed at an earlier 
stage and they contain oil-bodies up to the later stage. 


The author is much indebted to Prof. H. Ito and Dr. S. Hattori for their many- 


sided advice and encouragements. 
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In many short day plants, the dark period of adequate length must be preceded 
by high-intensity light to initiate flower primordia, indicating that a process, the so- 
called high-intensity lght process, plays an important role in photoperiodic induc- 
tion”,”,*),4,5. Liverman and Bonner® reported that the requirement for this high- 
intensity light was replaced by feeding sugar or organic acids of the TCA cycle. 
Requirement of CO, during the high-intensity light process was also reported by 
Parker et al. The process is, therefore, regarded as the photosynthetic one producing 
energy sources required for the following dark process. 

In preliminary experiments with Pharbitis Nil, in which the sugar was supplied 
to the plants under low intensity light followed by long dark period, no remarkable 
effect of the sugar was observed. The present experiments were designed to investi- 
gate whether the flower-inhibitory effect of the low intensity light preceding induc- 
tive dark period is merely attributable to the deficiency of photosynthete or to some 
other factors. 

At the beginning, the effective intensity and the spectral sensitivity of the low 
intensity light for nullification of inductive effect of the following dark period was 
investigated. The experiments on the spectral sensitivity revealed a remarkable 
flower inhibitory effect of far-red light given to the plant prior to the inductive dark 
period. Later experiments were designed to investigate this phenomenon in detail. 


Material 


The material used was seedlings of Pharbitis Nil, strain “ Violet”, which will 
initiate floral primordia after the application of a single dark period of adequate 
length. Photoperiodic behaviour of this plant in the seedling stage was reported 
recently by Kujirai and Imamura®). 

To obtain uniform germination, the seeds were treated with conc. H,SO, for 
20—30 minutes, washed thoroughly in running water for about one day, and spread 
on moistened sand. Two days after the treatment with H,SO,4, germinating seeds 
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were selected for uniformity and sown in 18cm. clay pots containing garden soil, 
so that one pot contains 20 plants in each. They were then placed in greenhouse 
at 30+2°C under continuous illumination supplemented with incandescent light at 
night. Two days after the sowing, cotyledons expanded, and one day later the seed- 


lings were subjected to the experimental treatment. 


Methods 


In the experiment in which the action spectrum of the low intensity light pre- 
ceding inductive dark period for floral inhibition was studied (Exp. 3), coloured light 
was secured by the use of interference filter combined with coloured glasses, and 
3.cm. layer of water serving as a heat filter. The light source was an incandescent 
lamp. Spectral energy transmittances of each filter are given in Fig. 1. In this 
experiment, intensity of each coloured light was adjusted to 500 erg/cm”./sec.. 
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Fig. 1. Spectral energy transmittances Fig. 2. Spectral energy transmittances 
of interference filter combined with of red and blue cellophane and 
coloured glass. water. 


In other experiments, red light relatively free from far-red irradiation was 
secured from a pink fluorescent lamp filtered by 2 layers of red cellophane, and 
far-red light from an incandescent filament lamp filtered by 2 layers of red and 2 
layers of blue cellophanes as described by Downs®),'. Although the red cellophane 
filter was capable of transmitting far-red radiation, the emittance of the fluorescent 
lamp in the region longer than 720 my was negligible. The far-red light has been 
improved by the addition of a 5 cm. layer of water: this served to reduce the infra- 
red, without an appreciable decrease of the intensity of the far-red light. Spectral 
energy transmittances of the cellophanes and water are shown in Pig. 2. 

All light measurements of the coloured light have been made with a calibrated 
thermopile, a Moll type, having a sensitivity of 269 mV/w/cm?.. As the incandescent 
light comprises much heat radiation, measurement with a thermopile is inadequate, 
therefore, the intensity was measured with a lux meter. The intensity of daylight 
fluorescent light was also measured with a luxmeter, for comparision with the in- 
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candescent light: 1 lux of the daylight fluorescent light is equivalent to about 4.4 
erg/cm.”/sec.. 

After the experimental treatment, plants were returned to the greenhouse, grown 
under continuous illumination for 2—3 weeks, and then dissected under a binocular 
microscope for the initiation of flower primordia. Generally, 20—40 plants were used 
for one lot of the treatments. 

The percentage of the flowering plants, that of the plants with terminal flower 
and number of flower primordia per plant were used as the measures for flowering 
response. With some irregularities these measures run almost parallel. 

Experiments were performed in an air-conditioned room of 25+1°C. Each experi- 
ment was repeated several times with almost similar results, so that only the re- 
presentative results are given in the following. 


Experiments and Results 


Experiment 1. Plants were subjected to the incandescent light of low intensity 
(10 lux) for various hours preceding 16 hour dark period. Control plants were ex- 
posed to sun light preceding the 16 hour darkness. Flowering responses of the plants 
are shown in Table 1. The low intensity light of 8 hours preceding the inductive 


Table 1. Effect of low intensity light of the incandescent lamp (10 lux) preced- 
ing 16 hour dark period upon flower initiation of Pharbitis seedlings. 


No. of | % of plants No. of flower % of plants 

Treatment plants | with flower primordia per with terminal 

dissected buds plant flower bud 

16hd | 30 100 Dee) 96.7 

8h] L——— 16hd 30 Os 0.1 0 
16hlL——_-— 17 21 0 0 0 
24h] |——_—~ » PH 0 0 0 
32h] L——— 7 29 0 0 0 
40h] L——— » 18 | 0 0 0 
48h] L——— » 28 0 0 0 


IL: incandescent light of 10 lux . 
8hIL -~ 16hd: 8 hour IL is followed by 16 hour dark period. 
These abbreviations will be used hereafter. 


dark period reduced flower initiation heavily and only 6.7 % of the plants initiated 
flower primordia. The low intensity light of 16 hours or more inhibited inductive 
effect of the following dark period completely. 

Experiment 2. Plants were exposed to 8 hour incandescent light of various in- 
tensities preceding the dark period, and examined for flower inhibitory effect of the 
treatment. Results are shown in Table 2. Flower inhibitory effect of the incandes- 
cent light decreased with increasing intensity of the light, but even the light of 
1000 lux was not strong enough to bring about a maximum flowering response. 
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Table 2. Effect of intensity of the incandescent light preceding 16 hour dark 
period upon flower initiation of Pharbitis seedlings. Plants were ex- 
posed to incandescent light of various intensities for 8 hours preced- 
ing the 16 hour dark period. 


Intensity of No. of % of plants No. of eer 
incandescent plants with flower | flower buds tarminal Hower 
light in lux dissected buds | per plant Bud 
5 38 0 0 0 
10 36 0 0 0 
20 38 2.6 0 0 
50 37 Ds if 0 0 
100 38 WY (sl 0 
250 38 26.3 0.3 0 
500 38 Dios) 0.6 0 
1000 38 Siow) 0.7 0 
Control (Sun light ) 38 100 4.4 94.6 


Experiment 3. To study the spectral sensitivity of the low intensity light pre- 
ceding inductive dark period for flower inhibitory effect, plants were subjected to 
coloured light of 500 erg/cm?./sec. for 8 hours, and subsequently given a 16 hour 
dark period. The coloured light used was violet (406 my), blue (489 my), red (649 
my) and far-red (747 my); the spectral energy distributions of each are represented 
im big, 1: 

Table 3. Effect of monochromatic light of low intensity preceding 16 hour dark 


period upon flower initiation of Pharbitis seedlings. Monochromatic 
light was given for 8 hours with the intensity of 500 erg/cm2./sec. 


No. of % of plants No. of % of plants 

Colour of light plants with flower flower buds with terminal 

dissected buds per plant flower bud 
Violet 15 87 2a iG 
Blue 13 69 | 1.4 0 
Red 14 100 | 219 7 
Far-red 13 (0) 0 0 
White* 19 100 | 5.1 90 


* 3500 lux from daylight fluorescent lamp and incandescent lamp. 


The results represented in Table 3 indicate remarkable flower inhibitory effect 
of far-red light as compared with the other coloured light. Red light is most in- 
effective in inhibition. Experiments repeated several times gave similar results. 

Experiment 4. As the remarkable flower inhibitory effect of the far-red light 
was ascertained in the foregoing experiment (Exp. 3), the low intensity light of day- 
light fluorescent lamp which comprises little far-red light was investigated for its 
flower inhibitory effect when followed by inductive dark period. 
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Plants were exposed to the daylight fluorescent light of 10 lux for 0, 8, 12, 16, 
24, 30, 36, 42 and 48 hours, being arranged so as to close the treatment at the same 
time in all lots, and subsequently given 16 hour dark period. As the control, two 
lots of the plants were subjected to the daylight fluorescent light of 10 lux for 24 
and 48 hours and given no dark period. Results are shown in Table 4. 


Table 4. Effect of low intensity light of daylight fluorescent lamp (10 lux) 
followed by 16 hour dark period on flower initiation of Pharbitis 


seedlings. 
: z 
No. of % of No. of % of plants 
Treatment plants | plants with flower buds with terminal 
| dissected flower buds per plant flower bud 
l6bd 39 100 4.2 97.4 
8hF L———16hd | 40 | O2e5 2, 9) A ane) 
12hF L——~ » | 40 | Sie Does 5. 0 
18bF L—_—— » 39 ES 3 0) 
ert Ss ims | 39 | 97.4 2.9 20.5 
30hF L——— 1 | 40 | OTA 3.4 Sie 
36hF L———~ 1 38 68. 4 IZ 0 
42hF | —_— AO 50.0 0.6 0 
48hF L——— » 39 TEES hes) 0 
24hFL | 40 0 0 0 
48hF L 40 0 0 0 


FL: daylight fluorescent light of 10 lux. 


Flowering responses were reduced slightly with increasing duration of the low 
intensity light. Even when 48 hour low intensity light of this lamp preceded the 
16 hour darkness, 79.5% of the plants initiated flower primordia. Control plants 
which were subjected to the daylight fluorescent light of 10 lux for 24 and 48 hours 
initiated no flower primordia. 

In this experiment, the plants exposed to the low intensity light for 12, 18, 36 
and 42 hours initiated less flower buds than the other plants. They were subjected 
to the low intensity light either from 6 a.m. or midnight, having been exposed pre- 
viously to incandescent light of about 500 lux at night. It may be supposed that 
the reduced flowering responses of these plants are due to this incandescent light 
of low intensity. But it is also conceivable that some endogenous diurnal rhythm 
influences the flowering responses. 

Experiment 5. Flower inhibitory effect of the low intensity light preceding 
dark period was again investigated with respect to light sources, comparing the 
effect of the incandescent and the daylight fluorescent light. Results shown in 
Table 5 indicate clear difference in flower inhibitory effects of both lights. 

Experiment 6. Low intensity light of the daylight fluorescent light (10 lux) was 
mixed with the far-red light of 120 erg/cm.’/sec.. Plants were exposed to this light 
for 8, 12, 18, 24, 36, 42 and 48 hours and subsequently given a 16 hour dark period. 
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Table 5. Comparison between flower inhibitory effect of incandescent light 
and of daylight fluorescent light of 10lux given to Pharbitis seedlings 
preceding 16 hour dark period. 
No. of % of plants No. of flower % of plants 
Treatment plants with flower primordia per with terminal 
dissected buds plant flower bud 
a lehd 39 100 4.8 79.5 
4h] | ——— 16hd 35 80.0 1S 0 
8h] L—— ~~ » 38 0 0 0 
22 37 0 0 0 
18h] L——— » il 0 0 0 
246) 7 39 0 0 0 
4hF L——-— ]6hd 39 100 4.8 89.8 
8hFL—— 1 40 8255 (5) 0 
12hF L———= 7 39 38.5 Ono 0 
18hFL—_—~ » 40 P5(0) One 0 
24hF L——— » 38 34.2 0.5 0 


IL: incandescent light of 10 lux. 


FL: daylight fluorescent light of 10 lux. 


Table 6. Effect of FL+FR preceding 16 hour dark period on flower initiation 


of Pharbitis seedlings. 


FL+FR: daylight fluorescent light of 10 lux mixed with far-red light of 120 


Cbg CMs /SCCx 


No. of % of plants No. of flower % of plants 
Treatment plants with flower buds per with terminal 
dissected buds plant flower bud 
16hd 38 100 oe 2.6 
8hFL + FR—-— 16hd 39 >, tl 0.1 0 
12hFL4+FR—— 1 38 0 0 0 
18hFL4+FR—— » 3) 0 0 0 
24hFL+FR—— » 39 0 0 0 
30hFL+FR—— 1 40 0 0 0 
36bF L+FR——~ 1 31 0 0 0 
42hFL+FR—— 1 38 0 0 0 
48hFL4+FR—— » 38 0 0 0 


The results are shown in Table 6. Eight hour application of this low intensity light 


reduced flowering responses strikingly and only 5.1 


% of the plants initiated flower 
primordia. When this low intensity light period was lengthened up to 12 hours or 
more complete flower inhibition resulted. 


The results show remarkable similarity between the incandescent light and the 
daylight fluorescent light mixed with the far-red light in flower inhibitory effect 
When given at low intensity preceding the inductive dark period. 
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Table 7. Reversible effect of red light and that mixed with far-red light upon 
flower inhibitory effect of the incandescent light of low intensity 
preceding the inductive dark period. 

Intensity of incandescent light (IL): 10 lux. 
Intensity of red light (R): 3000 erg/cm2?./sec. 
Intensity of far-red light (FR): 5000 erg/cm?,/sec. 


No. of % of plants No. of flower % of plants 
Treatment plants with flower buds per with terminal 
dissected buds plant flower bud 

16hd 39 100 4.6 94.9 
8hIL 16bd 42 0 0 0 
uw —-—~ |! R———-— » 39 Sons OFS 0 

w —— 5f R———-~ » 39 WS Be Al Wy) 

u —-—»30/ R——-—-- » AO) 80. 0 Dau 8) 

” ——~ 2hR—_—- » 39 82. 1 2.6 25.6 
u ——~ ]’/R+EFR — » 39 oll @, il 0 
vy —— 3'R+FR — » 39 10.3 (Oh. il 0 
v ——30'R+FR — » 38 oO On 0 
y —-—» 2bR+FR — » 40 25). 0.4 0 


Experiment 7. From the above experiments, it is ascertained that flower inhib- 
itory effect of the low intensity light of the incandescent lamp preceding dark 
period depends considerably upon the effect of the far-red light from the lamp. 
Recently, in many photomorphogenetic responses including photoperiodic response, 
antagonistic action between red and far-red light was observed), !%,19,'2),19,14. It is 
probable that the flower inhibitory effect of the incandescent light of low intensity 
is also reversed by the red light applied just before the dark treatment. 

Plants were subjected to the 8 hour incandescent light of 10 lux, the plants of 
the first group were subsequently given red light of 3000 erg/cm.’/sce., and those 
of the second group the red light of the same intensity mixed with far-red light of 
5000 erg/cm?./sec. for 0, 1, 5, 30 minutes and 2 hours respectively, and thereafter 
given 16 hour dark period. Results are shown in Table 7. One minute of red light 
reversed flower inhibitory effect of the incandescent light to some extent, and 5—30 
min. red light reversed it more effectively. The reversing effect of the red light is 
reduced significantly by the simultaneous application of the far-red light. Antagonis- 
tic effect of red and far-red light is observed clearly. 


Discussion 


Hitherto, flower inhibitory effect of low intensity light preceding the inductive 
dark period has been considered to be due to the lack of photosynthates as a pre- 
cursor of flowering hormone or energy sources of flowering reaction®. From the 
present investigation, it is seen that the low intensity light of the incandescent 
lamp has more flower inhibitory effect than that of the daylight fluorescent lamp 
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comprising little far-red light, and that the strong inhibitory effect of the incandes- 
cent light is to some extent attributable to its abundant far-red light and is reversed 
by the red light. The “red-far-red absorbing pigment system ” postulated in many 
photomorphogenetic responses is assumed to play an important role in this case too. 

Borthwick e¢ al. reported for Xanthium that the inductive dark process is prevented 
by red light, and promoted by far-red light. Thus, the 30 min. far-red irradiation 
preceding the dark period could reduce the critical dark length by some 2 hours!”). 

On the other hand, Nakayama reported that far-red light given just before the 
dark period inhibits flower initiation of Pharbitis seedlings and that the inhibition 
is reversed by red light. The same is also the case in the present experiments. 
Why the far-red light preceding the dark period promotes flower initiation in Xan- 
thium, and inhibits it in Pharbitis seedlings comes into question. To elucidate this 
discrepancy, more detailed studies along this line remain to be made. 

Low intensity light of 8 hours or more preceding the inductive dark period has 
some flower inhibitory effect even if it contains little far-red light. This flower in- 
hibitory effect of the low intensity light of long duration may be due to the defici- 
ency of photosynthates and may correspond to that reported by Liverman et al., 
which can be reversed by feeding sugar or organic acids. 


Summary 


The flower inhibitory effect of low intensity hght preceding the dark period of 
adequate length (16 hours) was investigated in Pharbitis seedlings. 

1) Eight hour incandescent light of 10 lux inhibits flower formation. 

2) The incandescent light of 10—25 lux given for 8 hours suppresses the in- 
ductive effect of the following dark period entirely, and even that of 1000 lux is not 
strong enough to bring about maximum photoperiodic response. 

3) Spectral sensitivity of the low intensity light for flower inhibition was 
studied. Far-red light has the highest inhibitory effect and red light the lowest. 

4) Daylight fluorescent light of 10 lux which comprises little far-red light in- 
hibits flowering far less than the incandescent light of the same intensity. 

9) The daylight fluorescent light of 10 lux mixed with the far-red light of 120 
erg/cm’./sec. inhibits flowering remarkably when given for 8 hours. 

6) Flower inhibitory effect of the incandescent light of 10 lux is reversed by 
red tight applied just before the dark period. But the red light mixed with the far-red 
light has little reversing effect for the flower inhibitory effect of the incandescent 
light. 

Flower inhibitory effect of the incandescent light is attributable to the action 
of the far-red light comprised in it. “Red-far-red absorbing pigment system” is 
supposed to play an important role in the reaction preceding inductive dark period. 


Grateful acknowledgment is given to Professor S, Imamura for his suggestion 
and criticisms, 
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In the previous paper (Sandan, 1955)!), the author reported that an isolated in- 
ternodal cell of Characeae was able to grow and develop a new shoot and rhizoids 
when it was cultured in agar gel with suitable culture solutions. Furthermore, the 
effects of auxin, vitamins, fat solvents and other reagents upon the morphogenesis 
of the cell were also observed (Sandan and Ogura, 19572); Sandan, 1958*)). The 
present report deals with the effects of amino acids, adenylic acid, gibberellin and 
colchicine on the morphogenesis of the isolated internodal cell of Nitella in vitro. 


Material and Method 


In the present experiments, an isolated internodal cell of Nitella flexilis, which 
was 3.0cm. in length and 400” in width, was used as material. For the removal of 
fungi, bacteria and protozoa, the materials were kept for three or five days in a Petri 
dish filled with distilled water containing such antibiotics as penicillin (200 units/ml.), 
streptomycin (0.03 mg./ml.) and trichomycin P tablet (0.08 mg./ml.). Then the material 
was cultured in the vertical, normal position in a test tube filled by half with 0.6% 
agar gel according to the method described in the previous paper. In the present 
work, solutions of amino acids, 3-adenylic acid, gibberellin** and colchicine in various 
concentrations were used as culture solution and Sdrensen’s phosphate buffer solution 
(M/100, pH 6.6) was used as basic culture solution (control) in all cases. 

As to the effects induced by these reagents upon the morphogenesis of the cell, 
the author paid his attention to the next two points: first, the effect on the formation 
of a shoot and rhizoids from the cell, and second, the effect on the elongation of the 
shoot and rhizoids which were newly formed. The former is represented by the time 
required for the material to shoot and to form rhizoids after it was brought into the 
culture medium, and the latter is measured in terms of the length of shoot and 


* Biological Institute, Kyoto Liberal Arts University, Fukakusa, Kyoto, Japan. GU ANS aoe ea 
He Vy ABS 


** Crystalline gibberellin manufactured by the Kyowa Fermentation Industry Co., Ltd, 
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rhizoid 15 days after appearance. All experiments were carried out at room temperature 
under diffuse light of about 80 lux. 


Results 
1. Effect of amino acids 

All amino acids so far used, except lysine and phenylalanine, checked the morpho- 
genesis of the cell in high concentrations and had no effect in low concentrations. 
But, in intermediate concentrations which were relatively low, they accelerated the 
morphogenesis of the cell. In the cases of lysine and phenylalanine, concentration 
accelerating morphogenesis was never found. 

The critical concentrations of the amino acids above which the cell could not 
perform its morphogenetic development and the ranges of concentration in which 
the morphogenesis of the cell was promoted are as follows, the latter being in paren- 
theses: arginine, 600 mg./1. (60-180 mg./1.); aspartic acid, 800 (40-160); cystine, 450 
(120-220); glutamic acid, 1100 (100-160); histidine, 600 (160-280); isoleucine, 800 
(120-180); leucine, 1200 (80-250); lysine, 400 (no promotion); methionine, 1000 (120- 
280); phenylalanine, 500 (no promotion); tyrosine, 800 (80-240) 

Below these concentration ranges accelerating the morphogenesis of the materials 
was not different from the one in control. The results with the optimum concentration 
of each amino acid for morphogenesis are summarized in Table 1. According to the 
results, leucine, methionine, arginine, aspartic acid and glutamic acid exerted a more 
favorable effect on morphogenesis than the other amino acids. 


Table 1. Effect of amino acids in appropriate concentrations on the morphogenesis 
of the cell. 


‘ Time for : 

t-Amino acids ee stoeay een ee Hee of 
(days) ’ (days) (cm. ) 

Control | 16 27 15 1.58 
Arginine 150 12 1.44 14 Foil 
Aspartic acid 120 13 1.38 13 le 
Cystine 180 14 139 14 1.64 
Glutamic acid 150 12 1. 42 li WAS 
Histidine 180 15 1.42 14 1. 68 
Isoleucine 160 14 shenceail ils 1,6) 
Leucine 140 We Is tay i 1.84 
Lysine 120 17 125 16 1.54 
Methionine 160 13 1.42 12 i, 28) 
Phenylalanine 140 NG 1 A! 15 1 t)5) 
Tyrosine 120 16 25) 14 1.63 
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2. Effect of adenylic acid 

The effects of adenylic acid on the morphogenesis of the cell are shown in Table 2. 
As illustrated in this table, the maximum positive effect of adenylic acid was given 
at 5%10-'M. Noticeably, adenylic acid in appropriate concentrations is favorable for 
shooting and rhizoid formation rather than for elongation of the shoot and rhizoids. 


Table 2. Effect of adenylic acid on the morphogenesis of the cell. 


: Time for 
Conc. ye te Length of rhizoid Length of © 
(M) ee shoot (cm.) formation rhizoid (cm.) 
. (days) (days) 
Control 16 i270 16 56 
Ie 0=4 16 126 16 1 Oy 
2x lO 15 Wee 16 SDS 
Sew l= 12 238 13 es) 
1x 10-3 14 N27 15 1259 
2x 10-3 16 122 i ILS 
: hizoid 
1 x 10=2 no shooting —— fates a 


3. Effect of colchicine 


The effects of colchicine upon the morphogenesis of the cell are summarized in 
Table 3. It is noteworthy that the elongation of both a new shoot and rhizoids was 
slightly promoted by application of colchicine (0.06-0.12% ) but shooting and rhizoid 
formation were never stimulated. The concentration of colchicine most suitable for 
the elongation of both a shoot and rhizoids was 0.08%. 


Table 3. Effect of colchicine on the morphogenesis of the cell. 


5 or 
eae eee rai apes rae a a 
(days) (cm.) (days) Comes) 
Control 16 1. 26 16 Way 
0. 02 16 Te) 17 US i 
0. 06 16 1.26 16 1.58 
0.08 16 1.38 16 1.64 
Om 16 1.29 16 ih, Boy. 
0.16 18 1.24 i 55 
0. 20 19 eel 18 139 
0. 30 no shooting _— lia ti —— 
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4. Effect of gibdberellin 


The effects of gibberellin upon morphogenesis of the cell are illustrated in Table 4. 
The most favorable concentration of gibberellin for the morphogenesis was 14 mg./I.. 


Judging from the results, gibberellin seems to be favorable for the elongation of a 
new shoot. 


Table 4. Effect of gibberellin on the morphogenesis of the cell. 


Conc. : ier a Length of Parat an 

(mg./1.) (days) shoot (cm.) ie (em.) 

Control 16 | 1.25 | 16 156 
2 16 1.25 | 16 1.55 
5 | 16 1.24 | 16 1.57 
10 | 16 | 1.25 | 16 1.56 
12 | 15 | 1. 39 | 16 1.57 
14 14 1.43 | 15 1.58 
16 | 15 | 1.28 15 1.57 
18 | 15 1.25 16 1.57 
20 16 1.24 | iff 1.54 
30 | 23 0.94 | 26 1.12 
40 no shooting Sai be etdye capac == 

. ij 


Discussion 


Colchicine arrests the mitotic process chiefly in the metaphase by causing failure 
Kato (1955)°) described 
that the Eguisetum spore cultured on a medium containing a large quantity of 


of the mitotic spindle to form and function (Ludford, 1936)". 


colchicine develops into a giant globe of about 10 to 15 times its normal volume, cell 
division being perfectly inhibited, and that cell-differentiation does not eventually 
occur. And he postulated that colchicine acts not only as a polyploid inducer, but 
also as an effective modifier of rhizoid-differentiation and morphogenesis. But, later, 
he (1957) observed in Dryopteris spore that the rhizoids are always capable of dif- 
ferentiating, even in higher concentrations of colchicine, and the rhizoidal protonema 
occurs in a high frequency. In the present work using Nitella cell, which is a 
coenocyte, colchicine in appropriate concentrations exerted no effect on shooting and 
rhizoid formation but it slightly promoted the elongation of both a new shoot and 
rhizoids. . a 

Kato (1957) tested sodium adenosine triphosphate and adenylic acid in ple tp 
induce the division of rhizoidal nucleus of Dryopteris. He frequently observed amitotic 


figures and dumbbell-shaped nuclei there but he never found a rhizoid having two 
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nuclei. In the present experiment, shooting and rhizoid formation in the isolated 
Nitella cell were certainly accelerated by application of adenylic acid in adequate 
concentrations. From the important rdles of adenylic acid as a constituent of nucleic 
acids or other biochemical functions of it thus far known, it seems plausible that 
adenylic acid promoted the morphogenesis in the cell of Nitella. 

As reviewed by Stowe and Yamaki (1957)*), there are many reports in regard 
to the action of gibberellin. Kuraishi and Hashimoto (1957)” reported that the ex- 
pansion of the first leaf of seedlings of Raphanus increased up to 25% by application 
of gibberellin (10 mg./1.). Kato (1955)') found that gibbereHin had no effect on roots 
of onions but it strongly promoted the growth of rhizoid cells of ferns. Sachs and 
Lang (1957)! observed that the cell division of shoot apex in Hyoscyamus Was ac- 
celerated by the treatment with 25 mg./1. of gibberellin. In the present experiments, 
the morphogenesis in the cell of Nitella, especially the elongation of a new _ shoot, 
was promoted by application of gibberellin in low concentrations as illustrated in 
Table 4. 


Sawada (1958)'” found the following phenomena: The pollen grain of Paris does 
not germinate on the sugar agar medium, but adding aspartic acid, glutamic acid, 
histidine or cysteine to the culture medium, the pollen grain is enabled to germinate 
readily. The germination of the pollen grain of Oryza was markedly stimulated when 
arginine, valine or alanine was added to the medium. 

As shown in Table 1, the morphogesis of the cell of Nitel/a was certainly accele- 
rated by application of most amino acids so far used. And above all, leucine, methionine, 
glutamic acid, aspartic acid and arginine were favorable for the morphogenesis of 
wae Cell. 


Summary 


The morphogenesis of the isolated internodal cell of Nitella flexilis cultured in vitro 
was promoted by application of adenylic acid, gibberellin and most amino acids, e. g., 
leucine, methionine, glutamic acid, aspartic acid and arginine in appropriate concentra- 
tions. Amino acids hada positive effect on the formation and the elongation of both 
the shoot and rhizoid. Adenylic acid was favorable for shoot and rhizoid formation. 
Gibberellin was suitable for the elongation of the shoot. 

Colchicine exerted no effect on formation of shoot and rhizoid at whatever con- 
centrations, but it could accelerate the elongation of both the shoot and rhizoid already 
formed. 


The author wishes to express his most cordial thanks to Prof. N. Kamiya of the 
University of Osaka for his kind direction and helpful criticism throughout this work 
and also to Prof. T. Nakamura for his valuable advice. 
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Introduction 


Studies concerning auxins existing in plant extract have been made by many 
workers, and the existence of several growth substances, not yet identified, has been 
reported),2, However, the chemical nature of auxin diffused from plant tissues 
into agar blocks has been investigated by very few, though such diffused auxin has 
been regarded as the substance having close connection with phototropic or geo- 
tropic movement of intact plant. 

As the reason why the study of such an important substance that may control 
these naturally occurring phenomena of intact plant has not yet been made, it is 
possible to mention that the quantity of diffusible auxin is too small to be detected, 
after several times of various fractionations. 

To make the study easier, it may be useful to find out a more sensitive method 
of detection for small quantity of auxin. 

Recently, some heavy metal ions, such as Cott, Mn++, Fett, Nit++, have been 
found to promote the growth of Avena coleoptile sections and pea epicotyl sections 
under natural conditions and in the case of growth induced by addition of auxin®),®. 
And the authors attempted to increase the sensitivity of Avena curvature test, using 
these heavy metal ions. 

The present paper reports the promotive effect of Fet+ on Avena curvature test 
and gives an example of our experiments which have been carried out using the 
new sensitive Avena curvature test, i. e. the chromatographical study of the nature 
of an auxin obtained by diffusion into small agar blocks form Avena coleoptile tips. 


Studies on the mechanism of the promoting action of ferrous ion will be reported 
in another paper®. 


Experiments and Results 


(1) The effect of FeSO, on Avena curvature test. 
Victory oat No. 1 was used as a test plant. Seedlings were grown on sand for 
Avena curvature test, the method described by Thimann® was used. Agar blocks 
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used for the test were 2 % pure agar blocks (2x2x2mmi*.) and 12 pieces of these 


were soaked for 3 hours in 20 ml. of a test solution. Test solutions were adjusted 
to pH 5.0 with diluted H,SO,, since the addition of FeSO, could change the pH of 
the solution. Curvatures of Avena coleoptiles were measured 90 minutes after the 


application of agar blocks. 

Fig. 1 represents the results of 
an experiment using test solutions 
containing both 0.025 mg./1. of IAA 
and FeSO, at various concentra- 
tions. The addition of FeSO, to the 
test solution increases obviously 
the IAA induced curvature of Avena 
coleoptile. The optimum concen- 
tration of Fe** is around 3x10-% 
to 10-°M, and Fe** in these concen- 
trations increases the curvature 
about 200%. In case of Fig. 2, 
FeSO, was used at its optimum 
concentration, i. e. 5x10-°M, and 
the IAA concentration was varied. 
Ferrous ion in its optimum concen- 
tration increases the curvature by 
about 200, 110, 33 % in presence of 
IAA in concentration of 0.025, 0.050, 
0.100 mg./1., respectively. As far 
as our experiments are concerned, 
the lower the concentration of [AA, 
the more obvious the promotion due 
to ferrous ion seems to be. In 
order to ascertain whether or not 
ferrous ion increases the curvature 
induced by auxin other than IAA, 
the effect of FeSO, on curvature of 
Avena coleoptile induced by NAA 
was exmined. Table 1 is the result 
of this experiment. This result 
shows that ferrous ion promotes 
not only the coleoptile curvature 
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Fig. 1. Effect of FeSO, on the Avena coleoptile 
curvature induced by JAA. IAA was 
used at the concentration of 0.025 mg./l. 
Curvature was measured 90 minutes after 
the application of the agar block. 


° 


Ww 
°. 


CURVATURE 


aguas 


COLEO 


0.0 (o)'(| (2 Tine /7\ 
CONCN OF IAA 


Fig. 2. Effect of FeSO, on the Avena coleoptile 
curvature induced by IAA. FeSO, was used ’ 
at the concentration of 5x10-8M. Curva- | 
ture was measured 90 minutes after the 
application of the agar block. 


—O—: IAA alone —@—: IAA+FeSO, 


induced by IAA but also that induced by NAA. 
The above described results show that the application of FeSO, to Avena curva- 
ture test is very effective to detect a small quantity of auxin, especially that ferrous 
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Table 1 
Effect of FeSO, on the Avena coleoptile curvature induced by NAA. NAA was used 
at the concentration of 0.3 mg./1. and FeSO, was used at 5x10-3M. Curvature was 
measured 90 minutes after the application of the agar block. 


Curvature in degrees 


NAA+FeSOq 16. 0 


[AA 0.025 mg./1. IAA 0.025 mg./1. 
alone FeSO, 5x 10-3 M 


Fig. 3. Effect of FeSO, on the Avena coleoptile curvature induced by IAA. 


ion in its concentration at 5x10-°M increases the sensitivity of Avena curvature 
test by about 3 times. 

(2) Identification of the auxin diffused from Avena coleoptile tips into agar 

blocks. 

Using the above described sensitive Avena curvature test, the nature of the dif- 
fusible auxin, obtained from Avena coleoptile tips, was identified by paper chromato- 
graphy. 

When the height of Avena seedling grown in the dark room reached about 2.5 
cm., a coleoptile tip 3mm. in length was harvested, and placed on a pure agar block 
(2%, 2x2x2mm'.) and kept in darkness at 25° for 3 hours. By this procedure, 
about 600 agar blocks containing the diffusible substances were obtained from the 
same number of coleoptile tips.. These agar blocks, about 5 ml. in total volume, 
were soaked into 25 ml. of cold ether and kept at 0° for 12 hours. The ether extract 
was removed and the agar blocks were washed twice with 10 ml. of fresh ether, and 
the ether extracts were gathered and evaporated to dryness. This will be called the 
ether fraction. The residue of the ether extraction, the remaining agar blocks, was 
soaked in 40 ml. of cold water and kept at 0° for 12 hours. The water extract was 
removed and the agar blocks were washed twice with 10 ml. of fresh water. These 
water extracts were gathered and evaporated under reduced pressure at 50°. 
This will be named the water fraction. Each fraction was dissolved in 2 ml. of 
water and divided into two equal parts. One ml. of water was added to one part of 
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each fraction and the same volume of 10-2M FeSO, solution was added to the other 
pare In this way, four kinds of test solutions were prepared, i. e. (1) ether frac- 
Base (2) ether fraction+ FeSO,, (3) water fraction-++water and (4) water frac- 
tion+FeSO,. Twelve pieces of agar blocks were soaked in each test solution for 3 
hours, and were used for Avena curvature test. The auxin activity which was found 
in each test solution was shown in Table 2. 


Table 2 


Auxin activities of the two fractions of the diffused substances obtained from Avena 
coleoptile tips, and the effect of FeSO4 on the Avena coleoptile curvature induced by 
Lie diffusible auxin. The auxin activity was expressed by the degree of Avena coleop- 
tile curvature measured 90 minutes after the application of the agar block. FeSO, was 
used at the concentration of 5x10-3M. 


Auxin activity 


Water fraction + Water 0 
Water fraction + FeSO, 0 
Ether fraction + Water 3.85 
Ether fraction + FeSO, 8. 64 


The two water fractions showed no activity by the Avena curvature test, this 
fact indicates that all the active substances in agar blocks were ether soluble. 
Moreover, the water fraction did not induce any curvature even 180 minutes 
after the beginning of the test. Among the two ether fractions, the one which has 
ferrous sulfate in it promotes the curvature of Avena coleoptile more than the one 
having no ferrous sulfate. This phenomenon indicates that Fe** promotes the’ curva- 
ture of Avena coleoptile, which is induced by the auxin obtained from Avena coleop- 
tile tips by diffusion. 

As the ether fraction showed the auxin activity, the chromatographical analysis 
of this fraction was performed. Toyo No. 51 filter paper strips, 3 cm. in width, were 
used and the ascending method was applied. As developing solvent systems, the 
following mixtures were used: iso-propanol-water-ammonia (10:1:1, v/v), ethanol- 
water (7:3, v/v) and n-butanol saturated with water-acetic acid (200:1, v/v). Solvents 
were allowed to run 19.5 cm. up from the starting line and the strips were dried. 
The dried chromatogram, having 20 cm. in length from 5 mm. below the starting 
line up to the solvent front, was cut into 10 equal pieces and each division was 
dipped into 0.2 ml. of 5x 10-°M FeSO, solution. Every group of 12 pieces of 2% agar 
block (2x2x2mm*.) was placed on each of the 10 pieces of the above mentioned 
wetted filter papers for 3 hours and these agar blocks were used for Avena curva- 
ture test. Results are summarized in Fig. 4. In every case, only one region having 
auxin activity was found oa a chromatogram, and R; value of this region always 
coincided with that of IAA in control strip. The experiment using ammoniacal /so- 
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Fig. 4. Three chromatograms of diffusible auxin in Avena coleoptile tips, devel- 
oped by the following solvent mixtures: 
A: tso-propanol-water-ammonia (10:1:1, v/v) 
B: ethanol-water (7:3, v/v) 
C: n-butanol sat. with water-acetic acid (200: 1, v/v). 
Control strips were colored with Salkowski-Tang’s reagent. Auxin activity was 
measured by the sensitized Avena curvature test and expressed as the degree of the 
coleoptile curvature. The lowest paper strip indicates the distance of each zone 
(in cm.) from the starting line. 
propanol system was repeated four times, and the same results were obtained, i. e. 
auxin activity did not appear except in No. 5 zone of the chromatogram as indicated 
in Fig. 4. Furthermore, other zones than No.5 showed no activity even in prolonged 
Avena curvature test, in which the measurement of the curvature was made 180 


minutes after the application of the agar block. 


Discussion 


Based on the rigid selective permeability of cut surface of coleoptile, it has been 
supposed that the Avena curvature test is very little affected by the presence of a 
salt. In fact, Cu++, Mn++ and Nit+ at the concentration of 10-3M, have been found 
to have no effect on this test”). Moreover, at the same concentration, even KCN 
does not show any effect (unpublished data of the authors). The present investi- 
gation demostrates, however, the promotive effect of ferrous ion on Avena curvature 
test, even at the concentration of 104M. This result probably requires further in- 


April 1959 Bot. Mag. Tokyo, Vol. 72, No. 850 157 


vestigations concerning the permeability of the cut surface to the various salts. 
And the question why the auxin induced curvature of Avena coleoptile is promoted 
by ferrous ion, seems to be an interesting and important problem. Further con- 
Siderations about this point will be given in another paper®). 

When the concentration of auxin is rather low, ferrous ion, in its optimal con- 
centrations, promotes the sensitivity of Avena curvature test about three times. 
This will certainly contribute to the detection of small quantities of auxin, especially 
to the study of diffusible auxin, because such a study depends so much on the 
accuracy and sensitivity of the test method. 

The investigations of the auxins in Avena coleoptile tips have been made by 
many workers®,®,'0,',™. Wildman et a/'»), demonstrated that the substance ex- 
tracted form Avena coleoptile tips gave pink color with Salkowski’s reagent, and the 
quantity of IAA estimated by the intensity of color reaction coincided fairly well 
with that obtained by bioassay. 

Raadts e¢ al®) obtained two growth substances from ground tips by water extrac- 
tion. They reported that one of them seemed to be IAA and the other, not yet be 
identified, was probably an unstable substance, having high molecular weight and low 
“ Wanderungsfahigkeit”. Here, the authors made the study of the auxin diffused 
from Avena coleoptile tips into agar blocks using the above mentioned sensitive Avena 
curvature test and they demonstrated chromatographically that no other growth 
substance was transporated into agar blocks than IAA. 

Therefore, the “2 Wuchsstoff” of Raadts and Sdding is probably a substance 
having low ‘ Wanderungsfadhigkeit” as they reported. According to the nature of 
the “2 Wuchsstoff”, this substance seems to have no direct relation with the growth 
and the growth movement of plant. And it has been reported also that the degree 
of phototropic or geotropic movement of Avena coleoptile depends very closely on 
the quantity of the auxin transported from coleoptile tip?. And the present paper 
demonstrates that the diffusible auxin of Avena coleoptile is only IAA. So, it may 
be possible to say that the auxin having close connection with the growth movement 
is only IAA, at least in the case of Avena coleoptile. 

In various plant materials, the existence of several growth substances has been 
demonstrated"),”... To determine which is the diffusible auxin of such plant, may be 
a very interesting and important work, because such work probably will give us a 
way to make clear which is the auxin having direct connection with the growth of 


plant. 
Summary 
(1) Curvature of Avena coleoptile induced by IAA is increased in presence of 
ferrous sulfate. The optimum concentration of ferrous sulfate for the promotion of 


Avena coleoptile curvature is about 5x 10~°M. 
(2) And in this concentration, ferrous sulfate increases the sensitivity of Avena 


curvature test about three times. 
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(3) Curvature of Avena coleoptile induced by NAA is also increased in presence 


of ferrous sulfate. 

(4) The auxin diffused from Avena coleoptile tips into agar blocks is identified 
as IAA according to the above mentioned sensitive Avena curvature test. And no 
growth substance other than JAA was found in agar blocks. 
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Generally chlorophylls are not present in the seed or seedling grown in the dark. 
Concerning chlorophyll formation in the dark, however, various works have been 
reported. Myers’) found chloropoylls produced by Protococcus sp. and Chlorella vulgaris 
in the dark and noticed that no significant difference in quantity has been found 
between the chlorophylls produced in the light and in the dark. Schou” studied the 
formation of chlorophyll in excised embryos of Pinus Jeffrey: and found that the presence 
of glucose or sucrose in the medium on which the embryos were grown caused a 
Slight formation of chlorophyll. According to his description, Smith and Koski (1948) 
found that cotyledons of P. Jeffreyi which germinated in the dark contained chlorophyll 
a and } in the usual ratio. Bogarad® studied the factors associated with synthesis 
of chlorophyll in the dark in seedling of P. Jeffreyi. Koski et al.) informed that the 
action spectrum for the transformation of protochlorophyll to chlorophyll @ in normal 
and albino corn seedling and the position of the maxima in the action spectra are 
in agreement with the protochlorophyll extracted. Pearson e¢ al.” detected chlorophylls 
in the green pigments of aspen bark by using spectrophotometer and found the chlo- 
rophyll is photosynthetically active. 

Regarding the seed, Wagenknecht ef al.*) informed that the loss of chlorophylls 
in raw green peas by storage in frozen state at 0° F for 1 and 5 years was found, 
while blanched peas of the same lots stored under identical conditions showed no such 
a loss. Some seeds have green pigments in the inner part of them, and yet these 
have not been investigated satisfactorily. 

The present paper is concerned with the chlorophylls in some angiosperms, such 
as Indian lotus, pea, soy bean, orange, kumquat and pumpkin. The pigments in these 
seeds were detected by paper chromatographic analysis and some of those ascertained 


by the absorption spectra. 


Just before submitting this paper to the editor, the writer had an opportunity 
to read a paper of Hejnowicz'*), in which he reported the presence of proto- 
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chlorophyll a in root tips of wheat seedlings and other 15 species of pteridophytes, 
gymnosperms and angiosperms grown in the dark. In this paper he quoted a work 
of Burstrém and Hejnowicz!”), in which it was indicated that chlorophyll occur- 
red in the innermost layer of the cortex of wheat roots, the growth of which 
had been inhibited by l-naphthyl-acetic acid. The writer wonders if these very 
interesting facts have something to do with chlorophyll formation in seeds. 


Materials 


1. Nelumbo nucifera Gaertn. (Indian lotus) 

The seed of this species is covered by hard pericarp and the embryo has two white 
cotyledons and an apparently green plumule which has two deep green juvenile leaves 
being responsible for the color. The green plumules of ripe seeds as well as those 
in various stages of ripening* were used. 

2. Pisum satiwum L. 

The color of green pea is due to the cotyledons and observable through the white 
semitransparent seed-coat. The color is not equally distributed in the whole cotyledons, 
and only the external green tissue was therefore used in the present study. 

3. Glycine Max Merrill (soy bean) 

Among many forms of soy bean, there are found some which have green cotyledons. 
Also in this case the green color is distributed only in external tissue and internal 
part is colored generally brown; so the green part was exclusively used for the ex- 
periment. 

4. Citrus Junos Tanaka, C. Tamurana Hort. ex Tanaka, C. depressa Hayata, C. Oto 
Hort. ex Y. Tanaka®, C. Keraji var. Kabuchit Y. Tanaka*, C. sinensis Osbeck, C. nobilis 
Lour. and C. Tachibana Tanaka 

In Citrus seeds, the polyembryony is occasionally observed, and each embryo is 
either white or green in color. The green embryos were used in the present work. 

5. Fortunella margarita Swingle 

Seeds of genus Fortunella have green cotyledons in general and those of F. 
margarita Were used. 

6. Cucurbita moschata Duch., C. maxima Duch. 

In the seeds of these species there are, as is well 
known, green pimgents. Anatomically the following 
several layers of tissue were found in the seed of C. 
maxima; outer tissue consists of the sclerenchyma(a) 
with several layers of various-sized cells, and inner 
tissue consists of white parenchyma(b) of several 
layers, and inside the layer there is a green, thin 


Fig.1. Part of a cross section 
of a seed of Cucurbita maxima 


Duch. x13 a: Sclerenchyma b: tissue of parenchyma(c). Inside this green tissue is 
White parenchyma c: Green . 

pareacuy mad: Dudeniure os found an endopleura(d) which wraps the embryo 
Cotyledon having two white cotyledons(e) (Fig.l. The green 


z een: ; ; 
The writer” divided the process of fruit formation of Nelumbo nucifera into seven stages 
Gas. 
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tissue near the part of funicle is thicker than the other green part of the parenchyma 
and this was employed in the present study. 


Methods 


At first the green pigments were analyzed by paper chromatographical method. 
Various methods of paper chromatography of chlorophylls have been developed, but 
being most simple and suitable, the method described by Asami ') was used for the 
most part. As the solvent, methanol-acetone mixture (1:1) was used. About 5 ml. 
of the solvent was added to 0.1-0.2 g. samples, which were put in the dark several 
hours or a day, and the extracted pigments were examined by paper chromatography. 
While the green pigments are being extracted from the seeds, it is exclusively neces- 
sary to avoid the light, because Koski’ reported that in the dark-grown seedlings 
of Zea mays, protochlorophyll transformed rapidly into chlorophyll a on intense illumi- 
nation. Therefore the experiments were performed under the weak, indirect light 
as quickly as possible. As the developing agents, benzene, carbon tetrachlor ide, toluene 
and xylene Were used. Paper strips (size 2*x20cm.) were made from a sheet of No. 
50 or 53 Toyo filter paper, and paper chromatograms were run by the ascending 
method. Absorption curves of the green pigments were taken with the aid of a 
Beckman Recording Spectrophotometer Model DK-2. 


Results 


The results of the paper chromatography of the pigments in the seeds are shown 
in Table 1. 


Table 1. Results of paper chromatography on the chlorophyll! pigments in some 
seeds (at 16-25°). 


(1) Plumule of Nelumbo nucifera 
(a) Plumule in normal seeds 
Solvent Rf Value and Color 


B* 0.320YG)** 0.43(BG) 0.97(Y) 
0.23(¥G)  0.3208G) Os7(v)  0.85(Y) 
0.197YG)  0.22(7BG) 0.29(Y) 0. 82(Y) 
0.290YG)  0.35(BG)  0.40CY)  0.72(Y) 


Pl tl @ 


(b) Plumule in unripe seeds (third stage) 


0.26¢YG)  0.95(Y) 
0.210YG)  0.31¢Y) 0.83(Y) 
0.200YG)  0.90¢Y) 

0.19°YG)  0.22¢Y) 0.89¢Y) 


~s~HOowW 
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(c) do. (fifth stage) 


0.32¢YG) 
0.19¢YG) 
U.24¢YG) 
0.20CYG) 


Least 


(2) Cotyledon o 


0.24¢YG) 
0.33(YG) 
0.21(YG) 
0.24¢YG) 


mh 


(3) Cotyledon o 


0. 35(YG) 
0.290YG) 
0.35(YG) 
0.28(YG) 


0.35(BG) 
0.26(BG) 
0. 30(BG) 
0. 27(BG) 


72 4 8 800 F 


0. 80) 
0.510Y) 
0. 40(Y) 
0.31¢Y) 


Pisum sativum 


0. 31(BG) 
0. 42(BG) 
0.27(BG) 
0, 30(BG) 


Glycine Max 


0.56(Y) 
0.52(Y) 
0.52(Y) 
0.50¢Y) 


(4) Embryos of Citrws spp. 


(a) C. Junos 


0.28(YG) 
0.25(YG) 
0.18(YG) 
0.21(YG) 


0. 89(Y) 
0.90¢Y) 
0.900) 
0.85(Y) 


Cb) C. Tamurana 


0.31(YG) 
0.33(¢YG) 
0.22(YG) 
0.19°YG) 


(c) C. depressa 
OFISGG 


0.78(Y) 
0. 83(Y) 
0.67CY) 
0. 68CY) 


0.32(BG) 


(d) C. Keraji var. Kabuchii 


0. 26YG) 
0.32(YG) 
0.34¢YG) 


eG) Ce 


0.31¢YG) 
0.33(YG) 
0.18(YG) 
0. 200YG) 


0.33(BG) 
0.58(BG) 
0.57(BG) 


0.94¢Y) 
0,72(Y) 
0.78CY) 
0.73(Y) 


0. 85(Y) 
0.70(Y) 
0.74(Y) 
0. 82(Y) 


0.70CY) 


0.60(Y) 
0.92(Y) 
0.83CY) 


0. 64(Y) 
0.84¢Y) 
0, 82(Y) 


0. 80(Y) 


0.64(0Y) 
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(f) C. sinensis 
B 0. 36(¢YG) OFS2ZCY) 
c 0. 31CYG) 0. 85CY ) 
Al 0. 33C¢YG) 0.82(Y ) 
xX 0. 32CYG) 0.78CY ) 
Cg) C. nobilis 
B On27 GY G) 0.50CYG) 
€ 0.36(YG) Oey @'D) 
ae 0. 26CYG) 0.35CYG) 
X 0.28CYG) OesoCY'G) 
| | (Ch) C. Tachibana 
B | 0.30(YG) 0.33¢BG) 
S. 0. 38CYG) 0. 38( BG) 
> 0.22¢Y G)) 0. 25(BG) 
xX 0. 24CYG) 0.28(BG) 
| (5) Fortunella margarita 
| 
B 0. 35(G) OE 0GY) 
ce 0. 35CYG) 0.44(BG) 
ii 0.22(YG) 0. 25(BG) 
Xx 0.25(YG) 0. 28(BG) 
(a) C. moschata 
B 0. 22CY G) 0. 98¢Y ) 
c OPStCY G) 0.50CY ) 
at Uv. 190YG) 0. 68CY ) 
a8 0.18CYG) 0. 70(Y ) 
(b) C. maxima 
B | 0.16CYG) OnIOCys: 
c | 0.130YG)  0.85¢Y) 
ARs O5CY.G) 0. 80CY ) 
Xe 0.18CYG) TONG) 
on the next day) 
B 0.21¢YG) OSes) 
G Ok QU») R55 Ge) 
a 0.18CYG) 0. 80CY ) 
x agen me UN RIE 


0. 820Y) 


0. 38(Y) 
0.50CY) 
0.27(Y) 
0.33(Y) 


0.85(Y) 
0.55(Y) 
0.52(Y) 
0.53(Y) 


0, 99(Y ) 
0.82(Y) 
0.99(Y) 


0.997) 
0,99(Y) 
0.99Y) 
0.99°Y) 


0.85(Y) 
0.70(Y) 
0.75(Y) 
0.75(Y) 


0.65(OY) 
0.75(Y) 
0.74(Y) 


(6) Green pigments in the seed-coat of Cucurbita spp. 


(c) do. (the seed-coat being uncovered, the inner part of the 
same seed was exposed to the sunlight a day and examined 
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* B: benzene, C: CCl, T: toluene, 


X= xylene 


** YG: yellowish green, BG: bluish green, Y: yellow, OY: orange yellow _ 
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Table 2. Results of paper chromatography of chlorophylls in some angiospermous 


leaves (at 16°-25°). 


Solvent 


x5 OW xO OW —<yH ow Ss) t=} (©) es) ex! Is} @) es ex ts] (©) 


x 5HOwW 


0.15CYG) 
0.11¢YG) 

(c) Floating lea 
0.10CYG) 
0.18CYG) 

(d) Normal leaf 
0. 15CYG) 


0.170YG) 


(2) Leaf of Dolich 
(a) Albino leaf 


0.25(Y) 0. 
0.14¢Y) 0. 
Os21CY) 0: 
O,18C) 0: 


0.16(YG) 
0.10CYG) 


0. 
0.14-YG)  0,19(BG) 
0, 
0, 
0.24¢YG)  0.32(BG) 
0. 


0, 
0.17°YG) 0. 26(BG) 
0. 


0.20°-YG)  0.26(BG) 


20(BG) 


18(BG) 


f on the 


0.24(-YG) 0,29(BG) 


26(BG) 


24(BG) 


er @'4ED) 0. 32(BG) 


23(BG) 


23(BG) 


os Lablab 


65(Y) 
22(Y) 
57(Y) 
42(Y) 


(c) Normal leaf 


0, 20(BG) 
0.18(BG) 


0 1BCVG) “Ur aatEG) 
U.12°0YG) 0.21¢BG) 


(1) Leaf of Nelumbo nucifera 


Rf Value and Color 


0.18(YG)  0.23(BG) 
0.17CYG) 0.29(BG) 
0.12~YG) 0.17(BG) 
0.12°YG)  0,15(BG) 


0. 92(Y) 
0. 86CY) 
0.79(Y) 
0.79(Y) 


0.79(Y) 
0.50(Y) 
0. 56(Y) 
0:50(Y) 


(a) Leaf which germinated from the seed in the dark 


(b) Leaf which germinated from the seed in the light 


0.70(Y) 
0.78(Y) 
0. 73CY) 


surface of the water 


0.90¢Y) 
0.600Y) 
0. 85(Y) 
0.76(Y) 


0.92(Y) 
0. 510Y) 
0. 58(Y) 
0.52(Y) 


0.97(Y) 
0.52(Y) 
0. 81¢Y) 
0.71(Y) 


0.62(Y) 
0. 26(Y) 
0.56(Y) 
0. 45(Y) 


0.99°Y) 
0.99(Y) 
0. 98(Y) 
0.98CY) 


0. 98(Y) 
0. 60(Y) 
0. 83(Y) 
0. 80(Y) 


(b) Leaf which germinated in the dark and grown up in the light 


0.15(YG) 0.21(BG) 0.28CY) 
0.15¢YG) 0.19(°BG) 0.22CY) 
0.10°YG) 0.16(BG) 0.19(Y) 
0.10CYG) 0.13(BG) 0.19¢Y) 


0.74¢Y) 0.92CY) 
0.64¢Y) 0.99°Y) 
0.60CY) 0.82¢Y) 
0.49CY) 0.73CY) 


0. 88(Y) 
0.47(Y) 
0. 80(Y) 
0. 70CY) 


0.97(Y) 
0.97(Y) 
0.97(¥) 
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Fig. 2. Absorption curves of the pigmemts dissolved in acetone. A) ———; Plumule 
of Nelumbo nucifera, ----; cotyledon of Pisum sativum. B) ————; The whole pigment ex- 
tracted from a normal leaf of Nelumbo, ----,; BG spot after developing the same pigment 
on achromatogram. It is chlorophyll @ to a greater extent. —-—-; YG spot after develop- 


ing the same pigment on a chromatogram. It is chlorophyll b to some extent intermingled 
- Cucurbita maxima, ----}; Citrus Oto. D) ———; Citrus 


with chlorophyll a C) 
nobilis, ----; Glycine Max, 
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The chromatogram of the seed pigments of C. depressa showed two spots with 
carbon tetrachloride, but not with other solvents (Tab. 1 (4)(c)). Moreover the chro- 
matogram of the seed pigments of C. Keraji var. Kabuchii is not developed by benzene 
(Vaby 114 ca): 

To identify each spot by paper chromatography, leaf pigments of some plants 
were also developed, and the results are given in Table 2. Table 2(2) was shown to 
compare the leaf pigments of Dolichos Lablab with that of N. nucifera. 

In Figure 2, absorption curves of the green pigments are illustrated which were 
found in the seeds of above mentioned angiospermous plants. 


Discussion 


Comparing the chromatograms of the plumule with that of the leaf, following 
conclusions may be drawn; (1) YG spot on the chromatograms is chlorophyll }, (2) 
BG spot, chlorophyll a, and (3) Y spot, carotenoid. By these facts, it is evident that 
the plumule of Nelumbo involves chlorophyll @ and b. Y spot of a small Rf 
value which appeared in the chromatogram of albino leaf of Dolichos Lablab (Tab. 
2(2)(a)) might be protochlorophyll as a result of comparing it with-the chromato- 
grams (b) and (c) in Table 2(2). In view of the chromatogram from the plumule 
of Nelumbo, it is conceivable that the Y spot which appeared near the BG spot should 
be protochlorophyll, but this awaits further investigation. 

In the chromatograms of seed pigments, BG and YG spots were often accompanied 
by a faint spot of the same tint just following each of them. The tint suggests these 
spots represent also chlorophyll @ and 6. However, the reason why this phenomenon 
occurs is not yet clarified, but it seems to be overcome by using adequate solvent 
mixtures. 

It is also clear that the cotyledons of Piswm sativum, embryos of Citrus depressa, 
C. Kerajt var. Kabuchit, C. Tachibana and Fortunella margarita contain chlorophyll a 
and b (Tab. 1). The seed pigments of Citrus Oto, C. sinensis, C. nobilis and Glycine 
Max showed only YG spots in the chromatograms, but these pigments seem to contain 
chlorophyll @ and b judging from the absorption curves (Fig. 2-C,-D). The absorption 
curve of C. sinensis was identical with that of C. nobilis, so its figure was not shown 
here. In the chromatograms of the embryos of C. Junos and C, Tamurana only YG 
spot appeared. The appearance of the pigment in these cases was not clear because 
of small quantity. 

YG spot in the chromatograms of the seed pigments of Cucurbita (Tab. TO) 1s 
probably identical with chlorophyll b. To ascertain the result, paper chromatography 
was made using the pigment of the leaf of C. maxima. At first spots representing 
chlorophyll @ and 6 were cut off by scissors and eluted with the same solvent sepa- 
rately, and mixed with a solution of the seed pigments of C. maxima. 


These two 
solutions were developed by paper chromatography, respectively. As the results, in 
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the chromatogram containing chlorodhyll @ mixed with the seed pigment of C maxima 
the spots of BG and YG appeared clearly. While in a similar solution containing 
chlorophyll 6 and the seed pigment, there appeared only YG spot. It is apparant, 
therefore, that the seed of C. maxima contains only chlorophyll 6. This conclusion 
agrees well with the absorption curve which is shown in Figure 2-C. 

The fruit-coats and seed-coats of Piswm sativum and of Glycine Max are so thin 
and semitransparent that it may be supposed they are evidently translucent to the 
light to some extent. But the plumule of Nedwmbo and the green tissure of Cucurbita 
are considered to be cut off from the light. 

Bogarad®) noticed chlorophylls formed in the light and in the dark were spectro- 
scopically similar. The writer found chlorophylls which were produced in the seeds 
seem to differ slightly from those in the normal leaves, especially in Nelumbo and 
Cucurbita (see Fig. 2-A, -B and-C). 
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Summary 


1. The species of which seed pigments were studied are as follows: Nelumbo 
nucifera, Pisum sativum, Glycine Max, some species of Citrus and Cucurbita, and Fortunella 
margarita. 

The properties of the green pigments in seeds were examined. These were 
observed in the plumule of Nelumbo, the cotyledons of Pisum and Glycine, the embryos 
of Citrus and Fortunella, and the inner part of the seed-coat of Cucurbita. 

2. These green pigments were extracted and paper chromatographically studied. 
The absorption curves of the pigments were also taken with a spectrophotometer. 

3. In the seeds of Nelumbo, Glycine, Pisum, some species of Citrus and Fortunella, 
both of chlorophyll @ and b were evidently observed, while only chlorophyll 6 was 
found in the seed of Cucurbita moschata and C. maxima. 

4. The fruit-coat and seed-coat of Piswm and Glycine seem to be somewhat trans- 
lucent to the sunlight, while seeds of Nelwmbo and Cucurbita seem to be cut off from 
the light. None the less chlorophyll @ and b are apparently detected in these seeds. 
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; Table 1. a, Clamp formation from all possible matings between 18 monosporous mycelia 
from a fruit-body OFX Stock « b) Fruit-body production from all clamp-positive Pairings. 
Explanation of signs for this and following tables: « +” denotes complete dikaryotization 
on both sides of the contact zone between two mated mycelia; “(+)”, limited dikaryotization 
found only in the contact zone; “F”, perfectly developed fruit-bodies bearing abundant 
basidiospores; By ies half-developed fructification with stipes and undeveloped pilei, no spore 
being formed; and « — ”, negative Clamp-forming or fruiting reaction, 
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Table 2. Mating reaction between 4 testers of the original stock and 21 monosporous 
mycelia from an illegitimate combination of X stock, 5(A'!B?) x 6(A?B?). 
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Ta a) Mating pattern between 12 
Origin shown in Table 2. b) Fruit-body p 
occurred. 
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Figs. 1 and 2. 
macrorhizus f. microsporus. Fig. 1. 


(Natural size). 
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Two cultural behaviours in common &-factor matings of Coprinus 


A barrage manifested between two monospo- 
rous mycelia. Fig. 2. Sectoring dikaryons (Ss). 


Arrow Signs indicate inocula. 
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Summary 


The mating system of Coprinus macrorhizus f. microsporus was analyzed, using two 
stocks X and d. As shown in Table la, in matings between monosporous mycelia 
having unlike incompatibility factors at both loci, clamp-bearing hyphae are observed 
not only in the contact zone between two mated mycelia but also on both sides of it 
(complete dikaryotization). Clamps are also found in all matings where the B-factors 
but not the A-factors are identical (common A-factor mating). In the latter case, 
however, the formation of clamps is restricted only to the contact zone (limited di- 
karyotization). Therefore, when only the contact zone is examined for the presence 
or absence of clamps, a bipolar mating-pattern is obtained. However, when the mycelia 
on either side of it as well are tested for clamps, tetrapolarity is unmasked. Such 
tetrapolarity may be called ‘‘ masked tetrapolarity ”. 

All matings where hyphae with clamps had been observed were tested for their 
capacity to produce fruit-bodies under the same culture conditions. As shown in 
Table 1b, perfectly developed fruit-bodies with abundant basidiospores were obtained 
not only in all matings showing complete dikaryotization but also in some pairings 
showing limited dikaryotization. Fruit-bodies from the former matings produced 
spores of all four mating types; whereas, from fruit-bodies formed in the latter pair- 
ings, only spores of the two parental types were produced (Table 2). Pairings between 
the monosporous mycelia of illegitimate origin show bipolar pattern, where only limited 
dikaryotization, but never complete dikaryotization, regularly occurs (Table 3a). 

In common B-factor matings, when two mycelia are inoculated 1~2cm. apart, a 
clear line of demarcation which is called “barrage” always appears between them, 
as shown in Fig. 1; whereas, when the two inocula are brought into contact with 
each other, a sector composed of dikaryotic mycelium develops occasionally in some 
matings, as shown in Fig. 2. Barrages develop with regular manner in all common 


B-factor matings, but the sectoring dikaryons are rather of haphazard occurrence, 
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Short Communication 


Eizi OGATA*: Observations on the Vertical Growth of Conchocelis 


Riko: ayax) ADERWER 


Received Februry 14. 1959 


Observations on the growth of Conchocelis filaments in marine shells have been 
made by the surface view. Scarcely any has so far been known about its growth behav- 
iour in the vertical direction. In this connection, successful observations were made 
on the Conchocelis of Porphyra tenera obtained at Yoshimi, Shimonoseki on December 
8 and 16, 1958 and grown in our laboratory, appropriately using pearl oyster shells. 
The following new procedure for prepa- 
ration enabled us to follow the growth ar 
in a whole profile view. 

Several rectangular pieces were cut iit 


out of pearl oyster shells which harboured 
the filaments ; these pieces were cemented 
together and glued onto a microscope 
Slide with a sort of synthetic resin; the 
exposed surfaces were carefully ground 


extremely thin with a grindstone. Pro- 
file of the filaments in these prepared 
specimens became easily accessible in 


transmitted light (see the photographs). C egaenereritetae 


1) The growth in early stages pro- 


: , Fig.1. Profile features of growth in 
ceeds rather perpendicularly than it was Conchonelis dlanents. Alliscioo, 


generally assumed before. Most germ- 

lings spread tap-root-like filaments downwards into the shell matrix. 2) These main 
filaments subsequently produce lateral branches which later run upwards and finally 
reach the shell surface. They somewhat resemble rhizomes in land plants. 3) Thus 
grown up branch filaments form an anastomosed layer just underneath the shell 
surface. 4) Main filaments grew up to 20-25 » in 5 days (A), 50-100 » in 10 days (B), 
100-150 » in 12 days (C), 150-230 » in 20 days (D) and 280-350 » in 30 days (E). 


* Shimonoseki College of Fisheries, Shimonoseki, Japan. {2h A 7KrEa RAT 
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Tohru HASHIMOTO** and Toshio YAMAKI**: On the Physiological ,,-4 
Effects of Gibberelins A,, A,, A;, and A,* 


HA fae. TORII SY Ar Ag Ag Act OAEBETE AIC OWT. 


Received March 5, 1959 


It was reported that a mixture of gibberellins A, and A, promoted the expansion” 
of Raphanus \eaf and induced the germination”) of tobacco seeds in the darkness. 
Here are reported the new findings on the physiological action of gibberellins ieai\e 
A, and Ay, and different effectiveness among them. 

The physiological activities of these gibberellins were determined at various 
concentrations ranging from 10-'? to 10°*M. The seeds of Nicotiana tabacum L. 
(Bright Yellow) were sown on filter paper soaked with 0.02M KNO, solution and 
were allowed to germinate for 5 days at 25° in the darkness. Phaseolus vulgaris \eaf 
discs were punched out from the primary leaves of dark grown seedlings and cultured 
according to Miller’s method’*) using two per cent sucrose instead of glucose. Raphanus 
(sativus L.) leaf discs were obtained and cultured by Kuraishi’s method”. 

All these gibberellins induced in the total darkness the germination of the tobacco 
seeds, which otherwise failed to take place, and promoted the expansion of Phaseolus 
and Raphanus leaf discs. However, the difference in the effectiveness of these four 
gibberellins is remarkable, especially in inducing the seed germination. The concen- 
trations required for 20 per cent germination were 10-4, 3x10-‘, 10-* and 2x10-° for 
A,, A», A; and Ay, respectively, i.e., comparative effectiveness was in the following 
order, Ay>A3=A,>A,. In the expansion of leaf discs, too, Ay was the most effective 
and its activity was noticed even at as low concentration as 10-"M.  Gibberellins 
Ai, A, and A3 presented complicated relations between concentration and response. 

The present data do not correspond to the order® of effectiveness of four gib- 
berellins observed in promoting vegetative elongation of epicotyl, flowering of faculta- 
tive long-day annuals and fruit setting. Detailed report will be presented soon. 
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Studies on the Light Controlling Photoperiodic Induction 
of Pharbitis Nil. Wl. Effect of Far-red Light 
Preceding the Inductive Dark Period 


by Atsushi TAKIMOTO* and Katsuhiko IKEDA* 


RA OC BE: 7 A OTM EMT HARM IC OWT, 


Il. WethaicS 27a EOS 


Received January 17, 1959 


It has been reported in a previous paper that Pharbitis seedlings fail to flower 
if 8 hours of incandescent light of low intensity precedes the inductive dark period 
and that this flower inhibitory effect of the incandescent light is attributable to the 
action of the far-red light included in it”. Recently Nakayama reported a flower 
inhibitory effect of far-red light given just before the dark period in Pharbitis 
seedlings of a strain which differs from our material”. A flower promoting effect 
of far-red light preceding the dark period was reported by Borthwick ef al. in 
Xanthium saccharatum. In order to find the cause of these quite opposite results, 


the present investigation was undertaken. 


Material and Methods 


Seedlings of Pharbitis Nil, strain “ Violet”, were used as material. The experi- 


mental methods employed were similar to those reported in a previous paper”. 


Experimental results 


1) Effect of far-red light preceding the dark period upon flowering responses. 

i) Plants were exposed to far-red light of 60 kiloerg/cm.’/sec. (700-1000 my) for 
various hours and subsequently given a 16-hour dark period, which is fully effective 
for floral induction. 

Results represented in Table 1 indicate that the far-red light prevented floral 
initiation. Experiments were performed several times with similar results. The 
flower inhibitory effect of the far-red light increased with increasing duration of the 
irradiation and became striking with 8-hour irradiation. 

ii) Plants were exposed to far-red light of 60 kiloerg/cm.*/sec. for various hours 


and subsequently given a 12-hour dark period, which is not so inductive as to bring 


* Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 
AEE BI INE DEES 
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Table 1. Effect of far-red light preceding a 16-hour dark period upon flower 
initiation of Pharbitis seedlings. 
Intensity of far-red light: 60 kiloerg/cm.?/sec. 
(Treated on Nov. 26, and dissected on Dec. 23, 1957) 


No. of | % of No. of % of plants 
Treatment plants plants with flower buds with terminal 
dissected flower buds per plant flower bud 
16hd 18 | 100 | 4.8 100 
5/FR——=16hd | De | 100 35 31.8 
IhFR—= 1 | 30 93.3 | 21 0 
2hFR——= » 42 Dore | De 0 
4hFR——= 38 | 97.4 72 0 
8hFR—= +» 38 8.0 0.1 ) 


5/FR——16hd: 16-hour dark period preceded by 5 minutes’ far-red-light. 
1hFR——16hd: 16-hour dark period preceded by 1-hour far-red light. 
These abbreviations will be used hereafter. : 


about the maximum flowering responses. Experiments were repeated several times, 
and gave similar results in all cases. Some of the results are shown in Table 2. 
An unexpected result is the flower promoting effect of the far-red light of short 


Table 2. Effect of far-red light preceding a 12-hour dark period upon flower 
initiation of Pharbitis seedlings. 
Intensity of far-red light: 60 kiloerg/cm.?/sec. 
(Treated on May 9, and dissected on May 26, 1958) 


No. of | 9% of plants | No. of | % of plants 

Treatment plants | with flower | flower buds | with terminal 

dissected | buds | per plant flower bud 
12hd 21 | 14.3 0.1 | 0 
30/F R—— 12hd | 29 | Oe 0.6 0 
2hFR— > » 26 96.2 | 1.6 0 
4hFR——= » 28 100 1.8 0 
8hFR-—= » 29 0 0 0 


duration. When the duration of the far-red irradiation was less than 4 hours, 
flowering was promoted in all cases. But if the far-red irradiation was given for 8 
hours it inhibited flowering completely. Why the far-red light of 4 hours or less 
inhibits flower initiation when followed by a 16-hour dark period, but promotes 
when followed by a 12-hour dark period will be discussed later. 

iil) Plants were exposed to 8 hours of far-red light of various intensities and 
subsequently given a 16-hour dark period. Results are presented in Table 3. All 
plants which were not exposed to the far-red light initiated terminal flower buds, 


whereas the plants exposed to 8 hours of far-red light of 100-5000 erg/cm.?/sec. 


initiated no flower bud. Even with only 10 erg/cm.’/sec., flowering was inhibited 


heavily; that is, only 78 % of the plants initiated flower buds, and no plant initiated 
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ct of the intensity of far-red 


183 


light preceding a 16-hour dark 


period upon flower initiation of Pharbitis seedlings. Far-red light of 
various intensities was given for 8 hours preceding the 16-hour dark 
period. 


Energy of far-red 


(Treated on June 17, and dissected on July 3, 1958) 


No. of 


No. of 


®% of plants % of plants 
light in plants with flower flower buds with terminal 
ere emia/Sec: dissected buds per plant flower bud 
5000 40 0 0 0 
1000 40 0 0 0 
400 39 0 0 0 
200 40 ) 0 0 
100 40 0 0 0 
50 39 ell 0.1 0 
20 40 30.0 0.3 0 
10 Al 78.0 0.9 0 
Control 
l6hd 39 100 4.1 100 


a terminal flower. 


precedes the inductive dark period. 


40 


4.7 


95.0 


Thus far-red light of very low intensity inhibits flowering if it 


2) Effect of red light preceding the inductive dark period. 


Plants were exposed to red light of 3000 erg/cm.?/sec. for various hours, and 


subsequently given a 16—- or 12-hour dark period. 


Results are shown in Table 4. 


Table 4. Effect of red light preceding 12- and 16-hour dark periods upon flower 
initiation of Pharbitis seedlings. 


Intensity of red light: 


3000 erg/cm.?/sec. 


(Treated on Jan. 15, and dissected on Feb. 7, 1958) 


No. of 


% of plants 


No. of 


% of plants 


Treatment plants | with flower flower buds with terminal 
dissected buds per plant flower bud 
16hd he 100 3.9 ies 
1/R—— 16hd PAL 100 4.4 100 
5/R——> 1 Zl 100 4A 90.5 
30/R——= » 20 100 38 60.0 
PE Ret en: 21 100 4.2 66.7 
4hR——=> 7 20 | 100 4.4 15.10) 
12hd 18 50.0 0.5 0 
1/R—— 12hd AL 38.1 0.5 0 
5 R=—= 7 ae 8.7 0.1 0 
SW 20 30.0 0.3 0 
2hR—— 7 20 65.0 0.8 0 


R: red light 
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The red light has little effect on floral initiation whether a 16- or 12-hour dark 
period follows. Similar results were obtained in several repetitions of the experi- 
ment. 

3) Reversible effect of red light on the flower inhibitory effect of far-red light 
preceding the inductive dark period.’ 

Plants were exposed to far-red light of 60 kiloerg/cm.*/sec. for 8 hours and 
subsequently given 0, 1, 5, 30 and 120 minutes of red light of 3000 erg/cm.?/sec. 


followed by a 16-hour dark period. 


Table 5. Reversible effect of red light upon flower inhibition of far-red light 
preceding the inductive dark period. 

Intensity of far-red light (FR): 60 kiloerg/cm.?/sec. 

Intensity of red light CR): 3000 erg/cm.?/sec. 

(Treated on Apr. 18, and dissected on May 7, 1958) 


No. of % of plants | No. of % of plants 
Treatment plants | with flower flower buds with terminal 
dissected | buds per plant flower bud 
-16hd 20 100 | 4.8 | 100 
Sh R— —16hd 21 5 | 0.1 0 
y ——-|I/R——-» 1 20 70.0 1.0 0 
i SR 7 19 100 | 2.9 15.8 
y -—30/R—3 » 18 100 2.6 5.6 
7 as ObRasen u 92.9 | 21 7.1 


As shown in Table 5, the red light can reverse the flower inhibitory effect of 
the far-red light, but not completely. As little as 1 minute of red light is effective 
to some extent. As has been reported in a previous paper, a similar reversible 
effect of red light was observed for the flower inhibitory effect of incandescent light 
of low intensity preceding the inductive dark period”. 

4) Effect of incandescent light of low intensity preceding the inductive dark 
period. 

From the experiments mentioned above and those reported previously", it is 
noticed that the flower inhibitory effect of far-red light of high intensity bears a 
remarkable similarity to that of incandescent light of low intensity (10 lux) when 
followed by a 16-hour dark period. To make more detailed comparisons between 
them, the following experiments were done. 

i) One group of the plants was exposed to far-red light of 60 kiloerg/cm.?/sec. 
for 5 min., 30 min., 2 hr., 4 hr. and 8 hr., another group exposed to incandescent 
light of 10 lux for the same durations, and subsequently both groups were given a 
16-hour dark period. Results are shown in Table 6. Both far-red and incandescent 
light inhibited flowering but the former more heavily so than the latter. Both lights 
however, inhibited flowering completely when administered for 8 hours. 

ii) Low intensity incandescent light (10 lux) was given to plants for 2, 4, 8, 


J 
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Table 6. Similarity of the far-red and the incandescent light of 


185 


low intensity 


with respect to their flower inhibitory effect when followed by an 


inductive dark period in Pharbitis seedlings. 
Intensity of far-red light (FR): 
Intensity of incandescent light (IL): 
(Treated on Apr. 22 


IO) Vue 
and dissected on May 10, 1958) 


oc, 


No. of % of plants No. of 


Treatment plants with flower flower buds 
dissected buds per plant 
16hd 37 100 5.4 
o/F R——= 16hd 38 89.5 Gall 
30/F R——= 34 SIR Dal! 
Php Ress iy 37 48.6 0.8 
4hFR—= » 37 43.2 0.5 
8hFR——= » 34 0 0 
5/IL—— 35 100 Deo) 
30/IL——= » 38 100 4.6 
2b[L—= uw 36 100 5.0 
4b] |, —— 36 Gi Soo! 
Shi L——= 7 35 0 0 


60 kiloerg/cm.2/sec. 


% of plants 
with terminal 
flower bud 


100 
he 
8.8 


12, 16 and 24 hours and followed by 12-hour darkness in one group, and by 16-hour 


darkness in another one. 


Results presented in Table 7 show the r 


emarkable flower- 


promoting effect of the incandescent light given for 4 hours or less preceding the 


Table 7. Effect of incandescent light of 10 lux (IL) preceding 16- and 12-hour 
dark periods upon flower initiation of Pharbilis seedlings. 
(Treated on May 3, and dissected on May 19, 1958) 
: No. of % of plants No. of % of plants 
Treatment plants with flower flower buds with terminal 
dissected buds per plant flower bud 

; 16bd ou 100 Sil 100 
2h] L—— 16hd 40) 100 4,2 100 
4b]L}—— v 40) 100 4.0 100 
Shi L—— v7 39 94.9 1.6 0) 
(2h 7 Sif 89.2 lee 0 
16h] L—— » of 81.1 1.0 ) 
DARN 7 Sh) SES ith 0 
12hd 40 47.5 0.6 0 

2h] L——12hd 37 100 4.6 43.2 

4b] L—=> » 38 100 4.4 78.9 
shilpa 39 2.6 0.0 0 
12hIL——> 7 40 0 0 0 
Gail a 39 0 0 0 
24,1L——=~ 4 40 0 0 0 
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12 hour dark period. This phenomenon had also been observed with the far-red light 
of 60 kiloerg/cm.2/sec. but with less flower promotion (cf. Table 2). When the 
low-intensity incandescent light was given for 8 hours, flowering response was 
suppressed strikingly whether the following dark period was 12or 16: hours: “Tine 
same effect had been found for far-red light of 60 kiloerg/cm.?/sec. for 8 hours. 
Further increase in length of the low-intensity incandescent light had little effect 
on floral inhibition. 

5) Effect of daylight fluorescent light of low intensity preceding the inductive 
dark period. 

As low-intensity light of the incandescent lamp and the far-red light of high 
intensity showed a similar effect upon flowering responses when given prior to the 
inductive dark period, low intensity light of a daylight fluorescent lamp comprising 
little far-red light was investigated in this experiment for its effect on flower 
initiation when given to the plant preceding the 16- and 12-hour dark periods. 

Plants were exposed to the daylight fluorescent light of 10 lux for 0, 2, 4, 8, 15 
and 24 hours, and subsequently given 16- or 12-hours of darkness. Flowering 
responses are shown in Table 8. The fluorescent light preceding 16-hour dark 


Table 8. Effect of low-intensity light of daylight fluorescent lamp (10 lux) (FL) 
preceding 16- and 12-hour dark periods on flower initiation of Pharbitis 
seedlings. (Treated on May 5, and dissected on May 21, 1958) 


No. of % of plants No. of % of plants 


Treatment plants with flower flower buds with terminal 
dissected buds per plant flower bud 
16hd Bit 100 4.1 100 
2hF L——=16hd 37 100 4.3 100 
AhFL—= »# 38 100 4.2 100 
8hFL—= 7 38 100 3.8 63.2 
12hFL—= » 39 100 4.0 64.1 
16hFL—= «7 40 100 ull Sieo 
24hF L—— 1 38 100 4.3 92a 
12hd 38 79.0 14 0 
2hF L——-12hd Dil 100 4.2 Bike 
ANH ee Sy 38 100 4.3 100 
Ship — 38 100 3.4 44.8 
12hFL—=> » 39 76.9 es 0 
16hFL—= » 36 SYS) 1.8 13.9 
24hFL——= » 39 89.8 1.6 0 


period inhibited the flowering to some extent if the duration of the irradiation was 
increased up to 8 hours or more, but the inhibitory effect was far less than that of 
far-red light. In this case, too, further increase in the length of irradiation beyond 
8 hours has little effect, the inhibitory level remaining about the same (cf. “Table 
7). Several other experiments showed similar results. 
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Daylight fluorescent light of low intensity promoted flower initiation more 
strikingly than the incandescent light when followed by the 12-hour dark period, 
and even if the duration of irradiation was increased up to 8 hours, flower initiation 
was promoted. 


Discussion 


In the foregoing experiments far-red light preceding a 16-hour dark period 
inhibited flower initiation, but that of less than 4 hours given prior to 12-hour dark 
period promoted flowering. Nakayama reported recently a flower inhibitory effect 
of far-red light given prior to a 16-hour dark period in Pharbitis seedlings”. 
This is also the case in our experiments reported here, in which the duration and 
the intensity of far-red irradiation differs from that in Nakayama’s experiment 
considerably. In his experiment, 2 minutes of far-red irradiation of high intensity 
resulted in the complete suppression of flowering. The material of his experiment 
seems to be not so sensitive to the dark period as ours. His experimental treatments 
were repeated 3 times, whereas in our experiments only one treatment was given. 
The differences between the present results and Nakayama’s may be due to the 
difference of photoperiodic sensitivity of the material used. 

Borthwick et al. reported with Xanthiwm the flower-promoting effect of far-red 
light given prior to the dark period, resulting in a reduction of critical dark length®. 
This may correspond to the flower-promoting effect of the far-red light preceding 
the 12-hour dark period in Pharbitis seedlings, but the flower-promoting effect reported 
by Borthwick et a/. appears more striking than that represented here. 

Why does far-red light of 4 hours or less preceding a 16-hour dark period prevent 
flowering, and the same light preceding a 12-hour dark period promote flowering ? 
The results may be elucidated plausibly by the following assumptions. 

1) The first partial process taking place in the inductive dark period can proceed 
under far-red light as well as under darkness or low-intensity fluorescent light”. 

2) Far-red light preceding the inductive dark period brings about changes or 
conditions which make the following dark period ineffective. This inhibitory action 
is not effective in the first 4 hours but becomes so after some 8 hours. 

Thus far-red light given prior to the dark period has dual effects: the first 
effect is promoting and the second inhibitory to the flowering responses. 

Pharbitis seedlings are induced to flower only to a slight exent when subjected 
to a 12-hour dark period, but induced to a maximum with a 16-hour dark period, 
and the further lengthening of the dark period can increase flowering responses. 

If the 12-hour dark period is preceded by 4 hours of far-red light, during which 
the first process of the dark period proceeds, the flowering response corresponds to 
that induced by 16-hour dark period; that is, in flower promotion. As the far-red 
light, on the other hand, prevents the subsequent dark process, the overall response 
is determined by the difference between the flower promoting and inhibiting effect 
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of the far-red light. In this case, the promoting effect exceeds the inhibitory one, 
and results in a flower promotion. When the 12-hour dark period is preceded by 8 
hours of far-red light, the flower inhibitory effect exceeds the promoting one, and 
results in a flower inhibition. 

If the 16-hour dark period is preceded by 4 or 8 hours of far-red light, even if 
the first process of the inductive dark period proceeds under this light, flowering 
may not be promoted, because the 16-hour dark period is sufficient to induce maximum 
flowering responses, and further extension of the dark period has no further effect. 
In these cases, only the flower inhibitory effect of the far-red light appears, and 
results in a flower inhibition. 

The above hypothesis for the action of the far-red light preceding the dark 
period is also applicable to that of the incandescent light of low intensity, which 
includes abundant far-red light. As a whole, the incandescent light of low intensity 
has less flower inhibitory effect than the far-red light of high intensity, and has 
more flower promoting effect than the latter when followed by a 12-hour dark 
period. 

When the low intensity light of a daylight fluorescent lamp, which includes 
little far-red light, precedes the 12-hour dark period, the above mentioned flower- 
inhibitory effect of the far-red light can be neglected; therefore, pronounced flower 
promotion is the result, even if the irradiating duration exceeds 8 hours. 

If the daylight fluorescent light of low intensity was given for 8 hours or more 
preceding the 16-hour dark period, flowering was inhibited to some extent, as revealed 
in the percentage of plants with terminal flower in Table 8. Similar results were 
reported in the previous paper”, and it was supposed that this inhibitory effect of 
low intensity light of longer duration might be due to the lack of photosynthates. 

It is interesting that the flower inhibitory effect of far-red light of high intensity, 
and of incandescent and daylight fluorescent light of low intensity increases abruptly 
when the irradiating duration is extended up to 8 hours, and further extension has 
little effect. Under these lights, the first process of the flower-inducing dark period 
is supposed to proceed, and some critical changes may take place after some 8 hours. 


Summary 


1) Far-red light given to Pharbitis seedlings preceding a 16-hour dark period 
inhibits flowering. This flower inhibitory effect is intensified with increasing dura- 
tion of the far-red irradiation and becomes marked with 8-hour irradiation. 

2) The flower inhibitory effect of the far-red light is obvious even if the intensity 
is decreased to 10 erg/cm.?/sec. 

3) Far-red light of 2-4 hours preceding a 12-hour dark period promotes flowering, 
but the same light of 8 hours inhibits completely. 

4) Red light preceding the inductive dark period has no influence upon flowering 
response whether a 16- or 12-hour dark period follows. 
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9) The flower inhibitory effect of far-red light preceding the inductive dark 
period can be reversed by red light applied just before the dark treatment. 

6) Incandescent light of 10 lux promotes flowering remarkably when applied 
for 2-4 hours preceding the 12-hour dark period, but inhibits when given for 8 hours 
Or more. 

7) Daylight fluorescent light of 10 lux which includes little far-red light promotes 
flowering remarkably when preceding the 12-hour dark period. 

A discussion was given of the possible role of far-red light and low intensity 
light preceding the inductive dark period in flowering responses. 


Grateful acknowledgment is given to Prof. S. Imamura for his suggestions and 
criticisms. 
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The Distribution of Laticiferous Tissue in Different 
Parts of Regnellidium diphyllum Lindman 
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Regnellidium is a monotypic genus of the family Marsileaceae found in Brazil, 
having extremely restricted distribution. It occurs only in the southern part of 
Brazil. Curiously enough the fossils of this peculiar member of the Marsileaceae 
are found in the Deccan Intertrappeans in India in places such as Mahgaon Kalan 
in the Madhyapradesh and at Vikarabad in Hyderabad State. Apart from these unique 
features in the morphology of the plant and its discontinuous geographical distribu- 
tion the plant possesses several interesting characters worthy of further investigation. 
One such character, which proved to be so far unrecorded in ferns, was observed by 
Mahabale! namely the occurrence of laticiferous tissue. After a preliminary survey 
he was good enough to suggest to me to find out the distribution of this tissue and 
handed the material to me for investigation. The present part of the paper gives an 
account of the observations made in this direction on the distribution of this tissue in 
different parts of the plant with the help of the material available. Further work on 
the ontogeny and development of this tissue and its comparison with the fossil species 
is being worked out by Mahabale. A single sporocarp that developed in the clone 
that was being reared by Mahabale was obtained when matured. But by this time 
the sporocarp has become so thick that it was not possible to get complete sections of it. 
It was therefore cut into smaller bits to see, if the laticiferous tissue occurred in it. 
The sections were stained in safranin and light green or with Delafield’s haematoxylin 
and light green. Because of its chemical nature and denser protoplasm, the laticiferous 
tissue stands out clearly from the surrounding parenchymatous cells, but in young 
parts the latex being watery gets dissolved in acetic alcohol, and leaves merely brown 
coloured cavities in the section. 


Observation and general remarks 


A longitudinal section through a growing point clearly shows that some of the 
cells in the periblem become larger than the rest and lie in the vertical rows. They 
retain their nuclei for a long time and turn brown. The cells get elongated and some- 
times the partition walls are lost. The structure becomes a continuous tube containing 
a mass of coenocytium. 

In a transverse section of the adult stem the laticiferous tissue is mainly 
distributed in the form of epidermal glands and as tubes in the sub-epidermal cells 
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in the parenchyma of the outer cortex, phloem, and the parenchyma of the central 
pith. In an old stem, toward the end of the season especially, the protoplasm of the 
laticiferous tissue increases more in extent in the outer cortex and in the central 
pith. The colour of these cells also changes from light to deep brown suggesting 
thereby that latex gets concentrated. In transverse section the laticiferous tissue 
is outlined by four or five cells resembling epithelium in the midst of which there is 
a thin tube. It continues vertically upwards and downwards for a short distance and 
form a lattice pattern. 

In a transverse section of the petiole the laticiferous tissue occurs in the hypodermis, 
in the inner cortex, in the midst of the phloem parenchyma, inside the stele and in 
the form of epidermal glands. Here some of the laticiferous tubes are seen in the 
radiating strands connecting the vascular bundles with the outer cortex. They end 
blindly in the diaphragm which occurs in plenty in the air cavity of the petiole. 

The cells containing latex in the epidermis of the petiole, stem, and leaf, are 
small ovate disc-shaped glands having a stalk cell lodged in hypodermis and a globular 
or disc-shaped elongated cell containing latex. Inside the leaf there are no laticiferous 
glands or long coenocytic tubes, and the latex is rather diffused in the form of acrid 
juice and is not very well defined either chemically or histologically. But due to its 
presence (in the form of small particles on the surface of the leaf) it becomes shining 
and highly resistant to the action of water. No laticiferous tissue was detected in the 
root. 

| regret that no material of the sporocarp or its stalk was available and the only 
part that could be satisfactorily studied was the wall of the sporocarp. Here it will 
be seen that the laticiferous tissue occurs below the layer of tublar cells in the mass 
of parenchyma lying between the placental layer forming septa and in the middle 
layers in the wall of the sporocarp. These cells look deep brown and are scattered 
in large numbers in the spongy parenchyma of the wall of the sporocarp. 

It thus appears that the laticiferous tissue in this plant is made up of two 
component: (1) obovate disc-shaped, latex secreting glands in the epidermis and 
(2) long, vertically elongated irregularly spread and interconnected laticiferous tubes 
in the outer and inner cortex, in the cells of the aerenchymatous diaphragm, in the 
adjoining phloem, and in the central parenchyma inside the stele. Its distribution 
does not seem to be very fixed. It appears to be the same type as in some of the 
members of the Musaceae, Aroideae and Euphorbiaceae. Unlike the euphorbiaceous 
plants it contains no storage of starch grains. 

The laticiferous tissue in ferns is a novelty which has not been reported so far. 
There is a strong probability that is may now be found in some other members of 
the Filicales and on account of its highly specialized nature may prove to be a very 
reliable character for comparisons. It has been shown by Jeffrey” that one can 
profitably use this character for the isolation of sub-families in the Compositae. It 
can also be used for the isolation of some genera as in the Convolvulaceae, or for 
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the identification of species of aroids. In the family Compositae, the sub-families 
Tubiflorae and Liguliflorae are distinguished from each other, among other characters 
by the presence of laticiferous tissue in the former. In the sub-family Cynerae 
there is no latex, but it only occurs in the bundles of the conservative floral parts. 
In the Convolvulaceae most of the genera possess laticiferous tubes or acrid juice, 
but there are no laticiferous canals in Cressa cretica. On the other hand, sometimes 
this character is only of specific importance. For example, in species of Anthurium, 
sometimes the latex accumulated in the cells of the aerenchymatous diaphragm so as 
to form a distinct spot. Generally the latex is stored above the diaphragm in the 
cavities. In some species of Cyclanthus, e. g. C. biparitus, latex is very clear especially 
in old leaf petioles, but in Cyclanthus cristatus there is mostly acrid juice. What is 
the state of the laticiferous tissue in Regnellidium diphyllum is yet a matter for 
further investigation in comparison with the other two genera of the Marsileaceae. 
But it is evident from the example that the presence of laticiferous tissue in Regnel- 
lidium is a character of much wider significance in the Filicales than hitherto under- 
stood. Our knowledge about its occurrence is at present restricted to Regnellidium 
diphyllum and needs to be extended to other ferns. 


In conclusion I wish to state that this work was carried out at the Royal Institute 
of Science, Bombay University and my thanks are due to Dr. T.S. Mahabale, Professor 
of Botany, Poona University, Poona 7, India for allowing me to work on this plant and 
for giving me the valuable material of this rare plant and for his guidance. 
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Chlorophyll Content and Primary Production of the Kuroshio 
off the Southern Midcoast of Japan 
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During the last decade, the study of the organic matter production by phyto- 
plankton in the ocean has been rapidly advanced by many investigators. Especially, 
C' tracer technique introduced by Steeman Nielsen”) gave us the most sensitive and 
convenient method for the measurement of primary production. By means of C' 
carbonate, the measurement of primary production in the Pacific Ocean was first 
undertaken by Steemann Nielsen and Abye Jensen”, and after that several researches 
have been made in the same way by investigators as Doty and Oguri*®."), Jitts»), and 
Holmes et al.®.. However, most of these investigations were concerned with the 
middle and south Pacific, and the data regarding the north-western Pacific, especially 
about the adjacent sea of Japan, are currently very scarce. We can quote only the 
studies by Miyake” in the area off the Kii Peninsula and some researches by Sorokin’? 
in the adjacent sea of Hokkaido. 

Recently, the authors have made researches on the primary production in the 
north-western Pacific Ocean. Practically, the production was determined by the C" 
method and the daily rate of primary production was estimated from chlorophyll 
amount, light penetration, and incident radiation as made by Ryther and Yentsch”). 

The authors have reported in this paper the results obtained in August 1957 


and in May 1958 during the cruises in the Kuroshio area. 


Cruising Courses and Methods 


’ 


The cruising courses of the research vessel ‘‘ Takuyo” are shown in Fig. 1, in 
which the observation station, surface water temperature and direction of the Kuroshio 
main stream are plotted. The first investigation was made during August 1-18, 1957 
in the southern area off the midcoast of Japan as far as lat. 30°N and the second 
during May 1-9, 1958 as far as lat. 32°N in the same area. The surface water 
temperature in August were 20° to 28° and the transparency was observed 30m. or 


deeper by means of the Secchi disk. On the other hand, the temperature during 
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the 1958 cruise indicated a range of 17°-23° and the transparency ranged from 12 


August 1957 
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Fig. 1. Research area of the Kuro- 


shio off the midcoast of Japan. 
The direction of the Kuroshio 
current is shown by broken line 
and the isotherm of surface water 
is shown by solid line. 


SN 
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Fig. 2. Assimilation box. A: 
circline fluorescent lamp. B: 
assimilation bottle. C: glass 
incubator. D: water flowing. 


igor Catia: 

As to light condition, the daily change in 
the illumination was observed with a photoelec- 
tric cell and simultaneously the solar radiation 
was measured with a Robitsch-pyrheliometer 
on the deck. The measurement of the sub- 
marine light intensity was carried out with a 
submarine photometer of selenium photocell and 
mainly the white light was measured during 
each cruise but at some stations the blue, green 
and red light were determined separately. 
Where direct photometry could not be employed 
due to unfavorable weather or limitation of 
time, Submarine light intensities were estimated 
from transparency using formula a=1.7/d (cf. 
Ryther”), a being extinction coefficient of sea 
water and d being Secchi disc reading. This 
empirical formula was approximately confirmed 
by the data obtained during the present cruises. 

As the measure of standing crop of phyto- 
plankton, chlorophyll concentration in  phyto- 
plankton was used. The sample waters used 
for chlorophyll determination were taken with 
10 1. bottles from depths of 0, 20, and 50 meters 
and stored in carboys. Sometimes the water 
was also collected from 10, 30, 100 and 200 
meters. Normally 201. or 401. sample water 
was filtered through four sheets of filter paper 
(Toyo No. 101; 5cm. in diameter) with a filtra- 
tion apparatus. After the filter paper was dipped 
into the boiled water for about 30 seconds and 
dried in the air. The samples were kept in a 
desicator during the cruise. The chlorophyll 
concentration was determined in the authors’ 
laboratory after the method described 


previous paper!®). 


inal 
Photosynthetic rate was 
measured by C' method. Briefly stated, the 
sample sea water was filled in two transparent 
and two darkened bottles and then 1 ml. of 


radioactive sodium carbonate solution containing 4-8 ye of C' was added to each 
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Table 1. Chlorophyll content in the Kuroshio area off the southern midcoast of 


Japan. Chlorophyll amount is expressed in mg. per cubic meter of 
sea water. 


Savor | cG | E101 | E102 | E103 | E105 | psi | ps2 


2 | D53 | D55 
Date il 2 2 3 3 15 15 15 16 
Time 1940 | 1030 | 2130 | 0505 | 1235 | 1430 | 1810 | 2315 | 0920 
Trans. m. 8 24 ae 29 30 12 20 “ 36 
Depth in m. | | | | 

0 1.8 022°} “O04 || 009 | 008 | 039 | 046 | 013.) 072 
10 sil 0.21 = = = 0.75 
20 37 0.14 O12 |) O08 1) O11 | O73 | 045 | O40.) on4 
50 PO7s.. |, O19 1 oe | 024) a1 | = 043 | 049 | 019 
100 | 0.89 | 0.10 eS = 0.24 0.14 
Station D56 | D57 | Dil | D9 D7 D5 D4 D2 D1 
Date 16 | 16 gi eo 17 18 18 tee els 
Time 1400 | 1935 | 0910 | 1607 | 2256 | 0610 | 0935 | 1710 | 1930 
Trans. m. 29 = 33 | 34 = 27 Dy 25 18 
Depth inm. | 
0 | = | 022 | 021 | O11 O16: | O19 | 0.22 0.16 | 0.60 
20 } 0.13 | 0.09 0.21 0.12 | 0.11 0.11 = 0.23 0.66 
50 eT as) ie | ie: ee (| 055 | 0.14 

100 gir. age | SS aS Ozer ee = = 
May, 1958 
Station D1 D2 D4 D5 D6 D7 | D54 D53 D52 
Date it 1 2 ez 2 2 3 3 3 
Time 1730 | 2158 | 0655 | 1040 | 1528 | 1910 | 0650 | 1145 | 1655 
rans: m0. ) = 20 18 20 — 23 21 15 
Depth in m. 

0 a4 0.95 0.33 0.48 | 0.34 0.42 | 0.36 | 0.26 he 
20 _ sts 0.41 0.45 = O80 N02d |) 0,20 = 
50 - ~~ 0.42 | 0.55 ae 0,32+ | 0.19 = - 

100 _ — - = — 0.30 = a _ 
Station D51 E51 E52 E54 E55 | E104 E4 E2 El 
Date 7 7 i 8 8 8 8 9 9 
Time 9015 | 1605 | 1955 | 0605 | 1050 | 1605 | 2350 | 0820 | 1140 
Glu mises — 12 = 24 20 25 = = 16 
Depth in m. 

0 0.67 15 0.40 | 0.28 | 0.26 | 0.28 | 0.56 | 0.60 ie 

20 ats 1.6 at = 0.63 - = 0.56 = 

50 a 0.5 = = 0.63 = = 0.64 ext 


bottle. After 3 to 6 hours incubation, the phytoplankton was filtered with a membrane 
filter (No. 1), then washed and dried and its radioactivity was measured with a G. 
M. counter. The CO, assimilation was calculated according to Steeman Nielsen’s 
method except that the dark fixation of C' was subtracted from the value obtained 
in the light. For the incubation, an assimilation box was employed in this study. 
As shown in Fig. 2, this equipment is similar in principle to the Doty’s*) but it is 
more simplified. Three circline fluorescent lamps are installed in a box, surrounding 
a glass incubator. Ten assimilation bottles can be set up in an incubator and each 
bottle is illuminated approximately at 15 klux. The bottles are always cooled with 
running water. The data of photosynthesis measured in the first cruise had to be 
omitted, because the abnormally large dark fixation was obtained by the contamination 


of stock solution in the amploules. 


Results and Discussion 


1. Chlorophyll content in the Kuroshio area 


The chlorophyll amounts measured in the Kuroshio area are summarized in Table 
1 and some other results obtained in the coastal water are also added in Table 2 as 


Table 2. Chlorophyll content in some littoral waters. 


Shimoda 


Station Tokyo Bay | Tokyo Bay| Tokyo Bay | Tokyo Bay} Shimoda 
off Haneda center off Kisaratsu| Haneda Bay Bay 
Date Miay 20) 57 iIMay 203757) May 20) 757 Aug. i} “57 Jume 125457) jullyalia or 
Time 1130 1220 | 1330 1200 1100 1230 
Trans. m. 6 7 5 8 — 14 
Depth in m. 
0 ah 1.6 1.8 1.8 0.6 1.0 
5 4.9 2al 1.8 — — — 
10 Oe B48) 18 Hel OSS: 1.6 
20 oil 3n0 2 Shi 0.6 a2 
50 — -- — 0.8 Bt 0.8 


a reference. Generally, the difference between the chlorophyll amount contained in 
the upper and deeper layer of the euphotic zone was slight in the Kuroshio area. 
Therefore, the stratification of chlorophyll distribution was not so remarkable as 
seen in the lake, where marked stratification can be observed in the stagnation period 
and sometimes even in the circulating period. In Fig. 3 is illustrated the horizontal 
distribution of chlorophyll in the cruising area, in which the concentration is ex- 
pressed as mean value in the photosynthetic layer. From these results it may be 
concluded that the chlorophyll amount is high in the littoral water and generally 
decreases with increasing distance from the coast. In the pelagic area, the chorophyll 
is on the whole distributed homogeneously except for the areas near the islands and 
the shallow waters. In May the chlorophyll content showed roughly from 0,23-0,56 
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mg./m’. in the pelagic area and 0.60 to 2.1 mg./m’. in the littoral region. In August 
they decreased and varied from 0.08 to 0.2 mg./m*. in the former area and 0.37 to 


2mg./m*> in the latter. These results also 


showed good agreement with the seasonal varia- 36°N 


August 1957 


tion of the zooplankton population in the same 
area investigated by Marumo”."), who found 


that the weight of the zooplankton obtained by R34 


the net method indicated the maximum in May 


and minimum in August through three years. © ope 
* alo 
From the features of seasonal fluctuation of ae 
: x © ons 01 
zooplankton, it may be considered that the range cae : aes 
of the seasonal variation of chlorophyll content 


would also be limited within the value mention- 


ed above. 


The chlorophyll amount in the Kuroshio 
area accords fairly well with the values obtained 
by Doty and Oguri”, and Shimada") in the 


e115 ®067 @ 995 
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pelagic Pacific waters, and Marshall’, and 


Ryther and Yentsch'” in the coastal waters. © 039 914° 
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If these values are compared with those of 


@034 


Japanese lakes, the coastal waters resemble 


° e 0035 016 32 


the mesotrophic lakes and the pelagic waters 


are substantially the same with the oligotrophic ae an a te 


lakes. Fig. 3. Chlorophyll content and 


primary production of the Kuro- 
2. Relation of chlorophyll content to transparency shio area off the southern mid- 
and water temperature coast of Japan. Small figures 
show the mean value of chloro- 
The relationship between the transparency phyll amount in the euphotic 
and the average value of chlorophyll content layer and large figures with 
the underline express the daily 
primary production in mg. C per 
good linear reation can be seen between them unit surface (m®) of sea. 


in the euphotic layer is shown in Fig. 4. A 


in two different seasons and its correlation is 

closer than that obtained in Japanese lakes by the senior author’. This good cor- 
relation probably depends upon the character of seston. Namely, the component of 
seston in the ocean mainly consists of plankton itself and the matter is displaced 
from that. This definite correlation may also suggest that the proportion of chloro- 
phyll concentration to the seston and other organic matter dissolved in the water 
has been constant at least during these seasons. From these results it may be said 
that the chlorophyll content, in other words, the standing crop of phytoplankton can 
be estimated from the transparency, though more comprehensive data are naturally 
need, Indeed, for the purpose of converting the chlorophyll concentration into the 
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organic matter of phytoplankton, we must make adequate allowances for the difference 


in chlorophyll content among different phytoplankters. 
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transparency and _ chlorophyll in the Kuroshio area. Chlorophyll 
content in the Kuroshio area. amount in figure is measured in sample 
Chlorophyll amount is expressed water taken from the depth at which 
as mean value in photosynthetic the relative light intensity reduces to 
layer 60-40 % of the surface light intensity. 
(@=August, 1957, O=May, 1958) (@= August, 1957, O=May, 1958) 


Incidentally, the relation between the chlorophyll amount and in sit# water tem- 
perature is plotted in Fig. 5. As seen in the figures, the high concentration of 
chlorophyll is rather found in the water of low temperature and it generally decreases 
with increasing water temperature. By the insufficiency of the determination 
concerning the nutrient elements in the water, precise explanation on this problem 
is so far difficult. But the feature of relation between the chlorophyll content and 
the temperature agrees fairly well with that of temperature assimilation curve 
obtained in fresh water diatom under opitimal light condition’. Consequently, it 
may be inferred that the definite correlation between the chlorophyll concentration 
and the water temperature is partly referred to the difference of productivity resulting 
from the geographical change in water temperature. On the other hand, it may be 
supposed that the turnover of plankton in high temperature water is more rapid 
than in the low. 


3. Photosynthetic rate of phytoplankton 


The photosynthetic rates of sample water taken from several stations are 
summarized in Table 3. The photosynthesis is measured by the C'! method at the 
optimum light intensity (15 klux) and in situ water temperature. Only, the results 
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Table 3. Productivity of sea water and photosynthetic rate of phytoplankton 
measured by C! method. 


| Date and Depth of | Water temp.. Experiment Productivity 
Stations a _ Sampling : : 7 | water temp. = — | Gai 
| in'm., | im situ, °C | C Cmg./m.3/hr, chl./hr. 
D5 | May, 2 0 | 25 25 | 0.62 13 
0930 20 20.5 ” | 0.41 0.91 
50 05 | P 0.36 0.63 
D7 May, 2 20 20.5 25 0.20 0.67 
1810 50 20.1 | ” 0.30 1.00 
D54 May, 3 0 21.4 25 0.29 0.66 
0600 20 | 21.6 ” 0.07 0.33 
50 192 | ” 0.10 0.53 
D52.~=«|-~=«~May, 3 0 | 19.2 23 22 NG 
1615 | 
E51 May, 7 0 19.2 21 2.4 16 
1530 20 18.4 | ” ez 11 
50 18.1 | ” 0.77 15 
E55 May, 8 0 18.6 21 0.66 2.5 
0955 20 18.6 ut 16) 2.4 
50 18.5 y 12 Ue 
E2 May, 9 0 22.6 23 0.82 1.4 
0720 20 22.8 | ” 0.69 1.3 
El | May, 9 0 19.2 21 41 3.4 
1115 | 
29°56'N | July, 27 0 26.5 | 26 0.20 it 
145°00/'E | 2130 20 25.1 | y 0.24 U7 
50 22.3 | ” 0.08 0.45 
32°00/N | July, 28 0 26.3 26 0.24 tee 
145°00’E 1455 20 | 25.1 ” 0.10 1.0 
50 PAA ” 0.08 0.5 
34°01'N | July, 29 | 0 | 25.8 25 ee — 
144°56/N | 0858 | 20 ir ” 0.44 2.9 
| | 50 22.1 y 0.73 2.2 


| 


at the stations D4, D5 and D7 were measured at 25° which is slightly higher than 
that iz situ water temperature (20°-21°), therefore these values seem to be a little 
reduced from the values im situ. It can be seen from these figures that the 
productivity of water in the littoral region is about 1 to 4mg. C/mg. chl./hr., and 0.1 
to 0.6 mg. C/mg.chl./hr., in the pelagic area. If we consider the photosynthetic rate 
per unit amount of chlorophyll, these values correspond to 1 to 3mg.C/mg. chl./hr. 
in the former area and 0.3 to 1.7mg.C/mg. chl./hr. in the latter, respectively. The 
photosynthetic rate measured in northern area of the Kuroshio current in summer 
1958 was about 0.1-0.2 mg. C/m’./hr. or 0.5-0.7 mg. C/mg. chl./hr... These values clearly 
showed a good agreement with the above ones. However, the values of photosynthetic 
rates measured jn the Kuroshio area are generally a little lower than the values 
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2.5-7.3 mg. C/mg. chl./hr., which were reported by Holmes et al.®, in the tropical 
Fastern Pacific Ocean. The causes of this discrepancy seem to arise from the 
differences of the water temperatures and nutrient conditions, etc. 

The phytoplankton distributed in the euphotic layer showed nearly similar 
potential photosynthetic activity but sometimes low photosynthetic rate was measured 
with the sample which was taken from the layer near the compensation depth. The 
low photosynthetic activity may be attributable to the characteristic shade type of 
photosynthesis as affected by phytoplankton living in deeper layer. The same 
phenomenon had also been found by the senior author in the lakes’), 


4. Primary production 


The primary production of water has generally been measured by three methods 
as follows; in situ, tank and chlorophyll methods (cf. Steemann Nielsen,’) Ryther™ ). 
The “in situ’? method could not be used during the cruises, hence the production 
was mainly determined by the latter two methods. The daily amount of photo- 
synthesis taking place in various layers would be possible to estimate from the 
combination of the daily incident surface radiation, relative submarine illumination 
and light-photosynthesis curve of sample water taken from each depth. Then the 
daily primary production beneath a square meter of sea surface may be calculated 
by integration of the values so obtained for each depth. On board the ship, however, 
it was a very difficult work trying to make such a light-photosynthesis curve at 
each station. According to Ryther', if one knows the general photosynthesis light 
curve for marine phytoplankton and the photosynthetic rate in sample water at 
opitimum light intensity, it is possible to obtain from these data the relation between 
phytosynthesis and light intensity in sample water. Employing this method, the 
calculation of production was performed. The general photosynthesis-light curve 


was constructed from the experiments made at the Shimoda Marine Biological 
Institute, Tokyo University of Education. 
Riga 


The results of calculation are shown in 
But the “tank” method was used at some stations and the daily production 
was determined for other stations by the chlorophyll method. This method was only 
employed in the ocean by Ryther and Yentsch”))'™, though it had already been 
introduced in the study of primary production of the lake by several investigators 
as Manning and Juday, Hogetsu and Ichimura™, Saijo2” etc.. The chlorophyll 
method is similar in principle to the tank method except that the photosynthetic 
rate is indicated by unit amount of chlorophyll. The daily rate of primary produc- 
tion is calculated from the vertical distribution of chlorophyll, relative submarine 
illumination and incident radiation, using a general photosynthesis-light curve and the 
value of photosynthesis per mg. chlorophyll at optimum light intensity. The general 
photosynthesis-light curve was taken from Ryther’s figure (1956, p. 65, Fig. 2) and 
the mean values at light optimum actually used in this calculation were 1.5 me. C/ 


mg.chl./hr. in the pelagic water and 3mg.C/mg.chl./hr. in the coastal water. 
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These photosynthetic rates were little lower than 3.7 mg. C/mg. chl./hr., which was 
used by Ryther in his calculation. The results of this calculation are given in Fig. 
3. The productivity of the Kuroshio area approximately coincides with the values 
measured by Steemann Nielsen” in the pelagic water of the Pacific near Hawaiian 
island and of the middle Atlantic. It should be noted the difference of the production 
between August and May is not so much distinguished in the value per unit square 
of sea surface as in the chlorophyll content. This may be easily interpreted when 
the difference of the transparency has been taken into consideration. In August the 
depth of transparency reaches 30m. or more Whereby the depth of euphotic zone 
becomes quite large, while contrarily in May the depth of euphotic zone decreases 
with the decreasing of transparency. Namely, the organic matter production in a 
phytoplankton community is determined with the productive structure of the 
community and the productivity of algae. Such contradiction between the density 
and productivity of phytoplankton community may be given as one of the most 
important problems on the plant ecology. Assuming the seasonal variation in the 
Kuroshio area being rather small throughout the year, the annual production is 
comparable with the production of the Sargasso’) and on the Fladen ground of the 
northern North Sea*. 


Summary 


The primary production in the Kuroshio off the southern midcoast of Japan was 
measured during the cruises in August 1957 and in May 1958. The chlorophyll 
amount in the sea water was high in the littoral region and it generally decreased 
with increasing distance from the coast. The mean value of chlorophyll content in 
euphotic zone showed roughly from 0.23 to 2.2 mg./m.’ in May and 0.1 to 2.0 mg./m.’ 
in August. A good linear relationship can be seen between the transparency and 
the mean value of chlorophyll content in the euphotic zone and this suggests that 
the standing crop of phytoplankton can be estimated from the depth of transparency. 
The definite correlation was also found between the chlorophyll content and the 
water temperature at least during these two months. 

The photosynthetic rate was measured by the C'! method at opitmum light 
intensity (15klux) and in situ water temperature. The productivity of water in 
the littoral region was about 1 to 4mg. C/m.*/hr., and 0.1 to 0.6 mg. C/m.’/hr. in 
the pelagic area. These values correspond to 1 to sime.0/me cal. /hr, and. 06.00 
1.7 mg. C/mg.chl./hr., respectively. Based on these values, the primary production 
was determined by the tank and chlorophyll methods. Daily production ranged in 
the pelagic area from 70 to 150mg. C/m.2/day and from 300 to 500 mg. C/m.’/day in 
the coastal region. It may be inferred from these results that the Kuroshio off the 
southern midcoast of Japan belongs to one of the low productive area of the ocean. 
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Introduction 


Previously, the authors demonstrated the promoting effects of ferrous sulfate on 
the auxin-induced curvature of Avena coleoptiles, and showed that the application 
of this phenomenon could make the ordinary Avena test more sensitive”. 

Further investigations on the mechanism of this promotive action of ferrous ions 
on the Avera curvature test may be necessary not only to understand the results 
obtained by means of the Fe**-applied sensitive Avena curvature test, but also to 
clarify the mechanism of the growth of Avena coleoptiles induced by auxin. 


Material and Methods 


Avena Straight Growth Test: Avena seedlings (Victory No. 1) were grown at 
25° in darkness, and when the height of the seedlings reached 2.5cm., the tips of 
the coleoptiles, 1 mm. in length, were removed. Three hours after this treatment, 
the further 4mm. were cut off and the next 5mm. sections were used for this 
experiment. Twenty sections were floated on 10ml. of test solution, and their 
lengths were measured after 18 hour incubation at 20° in darkness. All test solutions 
contained 2% sucrose and were adjusted to pH5.0 at the beginning of the experi- 
ment. 

Avena Curvature Test: Using similar materials to those of the straight growth 
test, the curvature test was performed in standard manner as described by Thimann”). 

IAA-Oxidase Preparation: A modified method of that employed by Tang e¢ al”) 
for the preparation of the IAA-oxidase of Avena coleoptiles was used, and Avena 
seedlings grown at 25° in darkness for four days being used as the plant material. 
At this stage the coleoptile has not yet been broken through by the primary leaf. 
The primary leaves were pulled out from the harvested coleoptiles and about 20g. 
in fresh weight of whole coleoptiles were ground with 80 ml. of cold water ina 
chilled Waring blendor for 2 minutes. The homogenate was centrifuged for, 15 
minutes at 36009 and the supernatant was decanted, added to an equal volume of 
cold acetone, kept at 0° for 30 minutes and centrifuged at 30009 for 15 minutes. 
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The supernatant was discarded and the precipitate was suspended in 10 ml. of cold 
water, left overnight at 0° and recentrifuged at 3600¢ for 10 minutes. The resulting 
clear supernatant was used as the enzyme solution. 

Estimation of [AA-Oxidase Activity : One ml. of the enzyme solution, 0.5ml. of M/20 
phosphate buffer containing 60 7g. of IAA and 0.5 ml. of FeSO, solution in various 
concentrations were mixed and the mixture was incubated at 30° by shaking. After 
one hour incubation the reaction mixture was adjusted to pH 3.0 with diluted H,SO, 
and JAA was extracted with ether from the acidified mixture. The extraction was 
repeated 3 times and the ether extracts were gathered, evaporated to dryness, 
dissolved into 1 ml. of distilled water and added to 4 ml. of Salkowski-Tang’s reagent 
(0.5 M FeCl,-H,O-H,SO,, 15: 500: 300v/v)». After 30 minutes at room temperature, 
the color density was measured using a photoelectric photometer with a green filter, 
and the quantity of IAA which disappeared from the reaction mixture during the 
incubation period was estimated. 

Estimation of Auxin Transport: Coleoptiles similar to those used in the Avena 
straight growth test were prepared. Three hours after decapitation, the topmost 
4mm. was removed and the following 3.2 mm. cylinder was used. The primary leaf 
filling the coleoptile clinder was pulled out. The cylinder was placed vertically on 
a pure agar block (2%, 2x2x2mm.°), and on the upper cut surface of the cylinder 
was placed an agar block (2%, 2x2x2mm.*) which had been soaked in the test 
solution for 3 hours. Taking necessary precautions against desiccation, the coleoptile 
cylinder with the agar blocks was kept at 25° in darkness. After a fixed period, 
the auxin activity in the lower block was analysed by the Avena curvature test. 
Before the curvature test, a small amount of 10-°-M FeSO, solution was added to the 
agar blocks to be tested. The addition of 10-°M FeSO, solution brings the con- 
centration of FeSO, in the agar block to its optimum concentration or thereabout, 
and therefore it is possible to disregard the effect of FeSO, given in the upper agar 
block, even if such FeSO, could be transported into the lower block. Because, at the 
optimum concentrations of ferrous ions, the small change in the quantity of the 
ions does not affect their promoting effect on the growth induced by auxin", 


Results 


(1) Effect of FeSO, on Avena straight growth test. 

Fig. | shows the effect of FeSO, on the elongation of Avena coleoptile sections 
and the quantity of IAA remaining in each test solution after the incubation period. 
The initial concentration of IAA in the test solution was 0.05 mg./l.. The estimation 
of the quantity of the remaining IAA was performed as follows: After incubation 
period, 10 ml. of the test solution was added to the same volume of 2x10-2M FeSO, 
solution, and 12 pieces of pure agar blocks (2%, 2«2x2mm.*) were soaked into this 
mixture for 3 hours and these agar blocks were analysed by the Avena curvature 
test. As the control of this experiment, the test solution having no coleoptile sections 
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was incubated for 3 hours and the quantity of IAA in it was estimated by the same 
procedure. 

As shown in Fig. 1, even at the low concentration of 1/500 of the optimum 
concentration for the Avena curvature, i.e. at 10-°M, FeSO, still promotes the elonga- 
tion of Avena coleoptile sections induced by IAA. It is also shown that the quantity 


of IAA which disappeared from the test solution which contained FeSQ, at the 
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Fig. 1. Elongation of Avena coleoptile sections in 2 % sucrose 
solution with 0.05 mg./l. of IAA and various amounts of FeSQ,. 
Growth was measured after 18 hours at 25°: in darkness, and 
expressed as percentage of that of the Fet*-free control. The 
amount of [AA in the test solution was estimated after 18 hour 
incubation. Quantity of [AA was measured by Avena curvature 
Lest; 
—@— elongation of sections 
—Q)— remaining IAA 
----— remaining IAA in control (no sections) 


concentration of 10-'M is smaller than that which disappeared from the test solution 
containing no FeSO,, while these two test solutions induce almost the same elongation 
of the coleoptile sections. These results may indicate that some amounts of the IAA 
in the test solution are consumed by the sections during the incubation period without 
contribution to the growth of the sections, and this fact makes us wonder whether the 
addition of FeSO, suppressed such consumption of JAA. In the case that the test 
solution has no or a small amount of FeSO, (10-°~10-°M), the JAA existing in the 
test solution at the beginning of the test disappeared completely during the 18 hour 
incubation. This fact points to the supposition that the infiltrating velocity of IAA 
into the plant tissues may not be the limiting factor of the growth of Avena coleoptile 


sections. 
Fig. 2 shows the effect of FeSO, on the elongation of Avena coleoptile sections 


floated on NAA solution. NAA was used at the concentration of 0.3mg./l.. It is 
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shown that ferrous ions are not promotive, but rather inhibitory on the elongation 
of Avena coleoptile sections induced by NAA. This result probably denies the 
possibility that the promoting effect of FeSO, on the elongation of Avena coleoptile 
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Fig. 2. Elongation of Avena coleoptile sections in 2% sucrose 
solution with 0.3mg./l. of NAA and various amounts of FeSQ,. 
Growth was measured after 18 hours at 25°, and expressed as 
percentage of that of the Fe*'-free control. 
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Fig. 3. Effect of FeSO, on elongation of Avena coleoptile 
sections in 2% sucrose solution with various concentrations 
of IAA. Growth was measured after 18 hours at 25°. 

—@— with 10°M FeSO, 
—O— without FeSO, 
ae promotion rate in percentage 
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sections may be due to the increasing of the infiltrating velocity of auxin or some 
substances having physiological activities similar to those of auxin. And this result 
may also deny that FeSO, promotes the physiological or biochemical steps in the 
process of the growth which are affected equally by NAA and IAA. So, in case of 
the section growth, FeSO, can be supposed to act specifically on the action of IAA. 
From this supposition and the fact that J[AA-oxidase does not destroy NAA, it may 
be natural to support the idea that the growth promoting effect of FeSO, is due to 
its inactivating action on JAA-oxidase. 

Fig. 3 shows the elongation of coleoptile sections in test solutions which contain 
FeSO, at 10°°M, the optimum concentration, and [AA of various concentrations. As 
shown in Fig. 3, when IAA concentration is low, the promotive effect of FeSO, is 
remarkable, and when JAA is used in high concentration, the effect is slight. These 
results can be explained fairly well, if FeSO, acts inhibitorily on the destruction of 
IAA by coleoptile sections. That is, under high concentration of IAA, even if sections 
destroy IAA in the test solution, the quantity of destroyed IAA is so small in 
comparison with the quantity of remaining IAA, that such destruction can affect 
very little the growth promoting action of IAA in the test solution. Consequently, 
in the case of high concentration of [AA, the addition of ferrous ions that seem to 
inhibit the destruction of JAA must have no relation to the section growth. And 
when the amount of added IAA is small, the concentration of JAA in the test solution 
can be changed by the destruction of [AA, so the addition of FeSO, that seems to 
inhibit such destruction is able to have close connection with the section growth. 

The same experiment was made using NAA as auxin. Result is shown in Table 
1. At the concentration of 10-°M, FeSO, does not show any promotive effect on the 
elongation of sections in every concentration of NAA. 


Table 1 
Effect of FeSO, on elongation of Avena coleoptile sections in 2% 
sucrose solution with various concentrations of NAA. FeSO, was 
used at 10-°M. 


Concn. of NAA _ Growth in presence of Fe! 


Cmg./1.) Growth in absence of Fe* ey 
0 107.5 
0.005 EO) 
0:05 91.0 
0.5 95.0 
5.0 95.0 


As already described, FeSO, causes the most obvious promotive effect on IAA 
action when the concentrations of FeSO, and IAA are 10-°°M and 0.005 mg./1. 
respectively. Using such concentrations of IAA and FeSO,, the change of the rate 
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of growth promotion by FeSO, according to time was observed. The result is shown 
in Fig. 4: the effect of FeSO, cannot be found at the start, but it appeared and 
increased gradually. 

This fact may be explained as follows: At the start, the quantity of IAA in 
each test solution is the same, irrespective of the presence or absence of ferrous 
ions, so the sections in each test solution elongate equally. As time goes on, how- 
ever, a larger amount of IAA disappears from the test solution having no ferrous 
ion than from that containing ferrous ions, so the elongation of sections in each 


test solution becomes different, i.e. the promoting effect of ferrous ions appears 


gradually. 
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TIME IN HOUR 
Fig. 4. Effect of FeSO, on course of elongation of Avena coleoptile 
sections in 2% sucrose solution with 0.005 mg./l. of IAA. 
—@— with 10°M Feso, 
—O— without FeSO, 


If ferrous ions directly promote the activity of auxin, the promotion must appear 
from the beginning. The experimental result, however, did not support this assump- 
tion. 

(2) Effect of FeSO, on enzymatic destruction of IAA. 

According to the above described results, it may be concluded that the most 
probable mode of action of ferrous ions is that they seem to inhibit the action of 
an enzyme which destroys IAA. Moreover, the inhibitory effect of ferrous ions on 
IAA-oxidase activity has been reported by several workers, namely Wagenknecht et 
al”), who found the inhibition of 2x10-°M ferrous citrate on the IAA-oxidase of bean 
roots, Galston e¢ al®, who used ferrous sulfate at 5x10-!M and found its inhibitory 
effect on the oxidase obtained from pea epicotyls, and Murakami e¢ al”, who observed 
the inhibitory effect of 8x 10-'M ferrous sulfate on the oxidase of rice plants. There- 
fore, our experiment has been made to ascertain:whether or not ferrous sulfate, at the 
effective concentration for the straight growth test, inhibits the activity of the JAA- 
oxidase obtained from Avena coleoptiles. The experiment was carried out at pH 6.2. 
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Table 2 
Effect of pH on IAA-oxidase obtained from Avena colcoptiles. 
Reaction mixture was composed of Iml. of the enzyme solution, 
0.5ml. of M/20 phosphate buffer with 60g. of ITAA and 0.5 ml. 
H,0. The mixture was incubated for 60 minutes at See 


pH Remaining [AA Destroyed [AA 


@77259) Cue.) 
4.9 60.0 0.0 
5b 59.5 0.5 
6.2 42.0 18.0 
6.6 3450 26.0 


At this pH, the activity of IAA-oxidase is considerably high (shown in Table 2), 
and ferrous ions are barely stable. Table 3 shows the obvious inhibiting effect of 
ferrous ions on the IAA-oxidase activity. This result may support the assumption 
that the growth promoting action of ferrous ions derives from their inhibiting effect 


on IAA-oxidase. 


Table 3 
Effect of FeSO, on I[AA-oxidase from Avena coleoptiles. Reaction 
mixture was composed of Iml. of the enzyme solution, 0.5 ml. of 
M/20 phosphate buffer with 607g. of IAA and 0.5ml. of FeSO, 
solution. The mixture was incubated for 30 minutes at 30°, pH 6.2. 


Destroyed IAA 


Concn. of FeSO, Remaining [AA 


(M) CZ.) Crug.) 
ig= 42.0 18.0 
10-° 52.0 8.0 
10-1 51.0 9.0 
10-3 55.0 5.0 
control 59.0 1.0 


(no enzyme) 


(3) Effect of FeSO, on the course of Avena coleoptile curvature. 

Previously, the authors reported that ferrous ions promote the Avena coleoptile 
curvature induced by NAA as well as that induced by IAA”. The present experi- 
ment, however, shows that this metallic ion does not promote the elongation of 
coleoptile sections induced by NAA, while it increases the elongation caused by TAA, 
These facts bring to the authors the idea that ferrous sulfate promotes two kinds 
of Avena tests, i.e. straight growth test and curvature test, in two different manners. 
So, the further investigation on the mechanism of promoting effect of FeSO, on the 
Avena curvature test was made. 

Fig. 5 shows the course of Avena coleoptile curvature after application of the 
agar block. The test solution in which the agar blocks were soaked contained 0.050 


210 fi ty % Me HR $8 72% BSL GS 1959 22 5 5 


or 0.025 mg./l. of IAA and 10™ or 5x10-°M of FeSO,. As shown in Fig. 5, the 
promoting effect of FeSO, was highest soon after the application of the agar block 


and decreased gradually. A similar result was obtained using NAA; it is shown in 


W 
o) 


CURVATURE 


20" 


COLEOPTILE 


O 60 120 180 240 300 
TIME IN MINUTE 


Fig. 5. Effect of FeSO, on Avena coleoptile curvature according 
to time. 
—@— 0.025mg./l. IAA 
—O— 0.050 mg./l. IAA 
--@- 0.025mg./l. IAA+5~x10-3M FeSO, 
--©-- 0.050 mg./l. IAA+5x10-3M FeSO, 


Table 4. These results cannot be explained by the inhibiting action of FeSO, on 
IAA-oxidase, because NAA does not seem to be destroyed by IAA-oxidase. These 
results, however, are not inconsistent with the assumption that ferrous ions promote 
the infiltration of auxin from the agar blocks into the coleoptiles of Avena seedlings. 
Then, the following experiments were made to examine this possibility. 


Table 4 


Time in Coleoptile curvature caused by: 
: 0.3 mg./l. NAA 
minute 0.3 mg./l. NAA 4-5x10-3M FeSO, 
60 Bele Ooi 
120 11.4% AOE) 


13.1° 145° 


(4) Effect of FeSO, on the transport of auxin through Avena coleoptile section. 
The test solution, in which were soaked the agar blecks to be placed on the 
upper cut surface of the coleoptile cylinder, contained 0.05 mg./l. of IAA or 1.0 mg./l. 
of NAA and 10-° or 5x10-°M of FeSO, and was adjusted to pH5.0. The transport 
was observed by the method described in the preceding chapter, The time allowed 
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for the transport of IAA was 60 or 90) minutes, and that for NAA was 120 minutes. 
rhe results are summarized in Table 5. A larger amount of IAA was transported 
from the agar block containing FeSO, than from that having no FeSO,. As a similar 


Table 5 


Effect of FeSO, on the transport of auxin through 3.2 mm. of 
coleoptile cylinder. 


Composition of agar Length of the 


( Amount of auxin in 
blocks applied at diffusion period the agar blocks applied 
upper surface in min. at lower surface* 
0.05 mg./l. IAA 69 ANG 
“ +5x10-3M FeSO, 60 8.6° 
0.05 mg./l. IAA 90 ie 1© 
“ -+5x10-3M FeSO, 90 5. 
1.0 mg./l. NAA 120 a 


u -+5x10-3M FeSO, 120 SHEN 


* Expressed by degrees of Avena curvatures. 


result was obtained by using NAA, it can be concluded that these results did not 
depend on the inhibiting effect of ferrous ions on the IAA-oxidase of Avena coleoptile 
cylinders, but were due to the promoting effect of the ions on the transport of 
auxin. And it may also be supposed that the promoting effect of ferrous ions on 
the Avena curvature test is due to their promoting effect on the transport or infiltra- 


tion of auxins. 


Discussion 


As the possible modes of action of ferrous ions in the two kinds of Avena tests, 
i.e. the straight growth test and the curvature test, the following three cases can 
be supposed: (1) Ferrous ions promote the infiltration or transport of auxin into 
coleoptiles. (2) They increase the activity of auxin or the sensitivity of plant tissues 
to auxin. (3) They inhibit the action of an enzyme which destroys auxin. The 
following discussion will be made to examine the probability of these three modes 
of action. 

The measurement of IAA remaining in the test solution, after the straight 
growth test, showed that, from the test solution containing no ferrous sulfate, the 
given IAA disappeared completely. This fact indicates that the possibility of (1) is 
little in case of the straight growth test. It was also shown that the remaining 
IAA was found in the test solution having ferrous sulfate at the concentration of 
10-‘M, in which the coleoptile sections elongated as much as those in the ferrous 
‘ons free control solution. This fact gives us the suggestion that, from the test 
solution containing no ferrous ion, considerable amounts of IAA disappeared during 
the incubation period without relation to the growth of sections, and that ferrous 
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ions have the activity of preventing such disappearance. This suggestion may 
support the assumption (3). Ferrous sulfate was found to have no promotive effect 
on the elongation of sections induced by NAA. This result also indicates that the 
assumption (1) cannot be accepted. In general, IAA-oxidase is known to have no 
activity on the oxidation of NAA, so the above result may also support the possibility 
of (3). Thimann reported that Co‘* promoted the growth of both Avena coleoptile 
sections and pea epicoty! sections in NAA solution as well as in IAA solution”). 
Thimann’s report and the present result indicate that Fe** and Co** act on the 
growth through different ways of action. As far as our experiments are concerned, 
ferrous ions, did not show any promotive effect in high concentrations of IAA, while 
their effect appeared obviously in low concentrations of IAA. This observation may 
also support the assumption (3), because, if (3) is supposed to be right, it is possible 
to give the following explanation. In the case when high concentration of IAA is 
given in the test solution, the change of the IAA concentration resulting from the 
action of [AA-oxidase is too small to have any effect on the growth of sections in 
this test solution. So, the addition of an inhibitor of IAA-oxidase cannot show any 
effect on the section growth. But in case of the low concentration of IAA, the 
change of the IAA concentration by the oxidase is considerable, and an inhibitor of 
this enzyme promotes the section growth obviously. Furthermore, it is also inferred 
by this result that the action of Fe** is not the same as that of Co** or Mn**, which 
shows its growth promoting effect in high concentrations of auxin®”. It is found 
that the promotive effect of ferrous ions on the elongation of Avena coleoptlile 
sections is not appreciable in the early period of the incubation. This result points 
to the improbabilitv of the assumption (2), because, if (2) is the reason for the 
effect of ferrous ions, this effect must be found from the beginning of the incubation. 
Because all the results described above supported the assumption (3) as the most 
possible mechanism for the action of ferrous ions, the effect of ferrous sulfate on 
the destruction of IAA was examined in vitro. And the inhibiting effect of ferrous 
ions on the activity of [AA-oxidase was detected, at the concentration of Fe** that 
was found to be effective on the section growth. On the basis of the already 
mentioned data, it may be concluded that the assumptions (1) and (2) cannot be the 
mechanisms for the promoting effect of ferrous ions on the elongation of Avena 
coleoptile sections, but that (3) might very possibly be the mechanism. 

If ferrous ions act on the two different kinds of Avena tests through the same 
mechanism, it is impossible to explain why ferrous ions do not promote the elonga- 
tion of the coleoptile sections in NAA, while they promote the coleoptile curvature 
induced by NAA. So, the mechanism of the promoting effect of ferrous ions on the 
Avena curvature test must be different from that of their promoting effect on the 
straight growth test. In case of the curvature test, the possibility of the assumption 
(1) is great, according to the following two results of our experiment. One is that 
the promotive effect of ferrous ions is obvious during the early stage of the curvature 
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test, then decreases gradually. The other is that a larger amount of IAA is trans- 
ported through the given length of the coleoptile cylinder from the auxin-agar block 
containing ferrous sulfate than from that containing no ferrous sulfate. 

As (1) seems to be a proper explanation for the promoting effect of ferrous ions 
on the coleoptile curvature, it seems natural to expect that ferrous ions promote the 
action of other auxins than the already tested IAA and NAA. Therefore, it is also 
natural to suppose that the application of ferrous ions to the Avena curvature test 
may be useful for the detection of the unkown growth substances. 

The present paper has demonstrated that the promoting effect of ferrous ions 
on the curvature test may be due to their accelerating effect on the transport or 
infiltration of auxin from the agar block into the coleoptile, and that their effect on 
the straight growth test may be caused mainly by their inhibiting effect on IAA- 
oxidase. This paper, however, does not give any reason why ferrous ions promote 
the transport or infiltration of auxin and why they inhibit the action of [AA-oxidase, 
so the essential problems still remain unsolved. And, though it has not been clarified 
whether the mechanism (2) has any role in the effect of ferrous sulfate on the 


curvature test, further investigations on this point are also required. 


Summary 


(1) Ferrous sulfate, at the concentration of 10-°M, promotes the elongation of 
Avena coleoptile sections in IAA solution, at the concentration of 0.05 mg./I.. 

(2) When the straight growth test is carried out, ferrous sulfate, at concentra- 
tions higher than 10-°M, prevents the disappearance of IAA from the test solution 
during the incubation period. 

(3) Ferrous sulfate does not promote the elongation of Avena coleoptile sections 
in NAA. 

(4) The promotive action of ferrous sulfate on the elongation of the sections 
appears obviously when IAA is used at low concentrations and the incubation period 
is prolonged. 

(5) Ferrous sulfate, at the concentration having promotive effect on the section 
growth, inhibits the action of I[AA-oxidase obtained from Avena coleoptiles. 

(6) The promoting effect of ferrous sulfate is larger in the earlier period of 
the Avena curvature test, and go decreasing thereafter. 

(7) Ferrous sulfate promotes the transport of both [AA and NAA through a 
given length of the coleoptile section. 

(8) Based on the data summarized above, it may be concluded that ferrous 
sulfate acts promotively on the Avena curvature test through its promoting effect 
on the transport or infiltration of auxin, and on the straight growth test through 
its inhibiting effect on [AA-oxidase. 

(9) Therefore, the Avena curvature test sensitized by the application of ferrous 
ions seems to be useful for the detection of small amounts of auxin, 
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Table 1. a) Clamp formation from all possible matings between 13 monosporous 
mycelia from a fruit-body of T-stock. b) Fruit-body production from all clamp- 
positive pairings and from 13 monosporous mycelia themselves. Explanation of 


signs for this and following tables: ‘*+” denotes complete dikaryotization on either 
side of the contact zone between two mated mycelia; “(+)”, limited dikaryotization 
found only in the contact zone; “—”, negative clamp-forming reaction; “ Bi, ap- 


pearance of barrages; “F”, perfectly developed fruit-bodies bearing abundant 
basidiospores; “f”, half-developed fruit-bodies with scanty spores; “r”, fruit-body 
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Table 2. Mating pattern in K-stock of Psilocybe coprophila. 
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Table 3. a) Mating pattern between 12 monosporous mycelia derived from 
an illegitimate combination of T-stock, 3(A°B') x S(A1B!), b) Clamp-forming 
reaction of these illegitimate F,-mycelia with 4 testers of the parental 


stock. 
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Summary 


The mating system of Psilocybe coprophila was analyzed, using K-and T-stocks. 
As shown in Tables la and 2, in legitimate matings, clamps were observed 
microscopically both in the contact zone between two mycelia and on either side of 
it. Clamps were also found in all common B-factor matings, but in these pairings 
the formation of clamps was restricted to the contact zone only. Therefore, when 
only the contact zone is examined for clamps, a bipolar mating pattern is obtained. 
However, when the mycelia on either side of it are also tested for clamps, tetrapolarity 
is unmasked. 

All matings where clamp-bearing hyphae had been observed were tested for 
their capacity to produce fruit-bodies under the same culture conditions. The same 
test was also done for individual monosporous mycelia. Some of the mycelia gave 
rise to haploid fruit-bodies bearing ample basidiospores, all of which were of the same 
mating type as the parent mycelia. As shown in Table 1b, perfectly developed 
fruit-bodies with abundant spores were obtained not only in all legitimate matings 
but also in some common 4-factor matings. The fruit-bodies from legitimate matings 
produced spores of all four mating types; whereas, well-developed fruit-bodies from 
common £&-factor matings produced only spores of the two parental types (Table 3b). 
Pairings between the monosporous mycelia derived from common 4-factor matings 
showed bipolar pattern, where clamps were found only in the contact zone, but 
never on either side of it (Table 3a). 

Barrages are irregularly manifested in common A-factor matings, in common 
B-factor matings, and in other matings (Tables la and 2). Thus, the barrages in 
this fungus seem to be of haphazard appearance but not of heritable characters. 
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Table 1. Pigments detected in the mycelium of P. islandicum, NRRL 1175. 
Pigments detected 
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by Shibata et al. Ge by the present authors 
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Table 2. Effect of pH of the medium on pigment formation in the mycelia of P. 
islandicum Sopp. NRRL 1175. 
i 6k 
a Suite ; Pigments 
P media* ; : ; A 
Chry pig-0.8 Eryth Flavo Sky Oxysky pig-C 
CIM, ae ar oe a =F at ae 
5.4 ae = 
M. M. ae = “I — | ie Se a 
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 —————————— 
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6. - 
M. M. ae = sie = tr al a 
A Crave ar ar ap =F ale ae ale 
M. M. oe = ae = ae al ar 
(a6 CaM: =F te ai He ar = +. 
7.4 M. M. aE — + — ate ae Ae 
* C.M.: complete medium, M.M.: minimal medium. 
** Chry: chrysophanol, Ery: erythroskyrin, Flavo: flavoskyrin, Sky: skyrin, Oxysky: 
oxyskyrin, pig-C: pigment-C. 
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Table 3. Fate of mycelial pigments after successive inoculation on minimal medium. 
Culture* ws 
Pigments —— - — — aa Eat _ 
iC M, Mz M3; M, M; Mg M; Ma, 
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pigment-0.8 + + = 2 Oa ee -_ == = = 
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pigment-C 5 + 3 i + “+ 4 
* C: 10-day culture on complete medium. 
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Table 4. Recovery of pigment formation in the mycelia, when the conidia 
formed on the minimal medium were transferred to the complete 


medium. 

7, ~ Culture# 
Pigments =] M. Mz| M3; Ms My M,|Ms Ms|Mg Me|M, M, 
oa FE ee a ee 
Mz; C }M, C |Ms C |Mg C |M, C | Mg C 
Chrysophanol ia rg re ere Peer Pree aera eee) 
pigment-0.8 ae oe) eee l= se fh Ep SS | rep altel 
Erythroskyrin ise sis 3% Ir i " sf ae + =] = +k 
Flavoskyrin 4 fb = He =e = a = zs ab ——— 
Skyrin ~ st =F + ee ir =i | Ren al te 
Oxyskyrin +/+] +]+ 444+ 9) + + + + cask 
piumentc | 148) ello ae ee | ee a | Se 
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M,->+M;: Transfer of-conidia of Ms-culture to the minimal medium. 
M,— C: Transfer of conidia of Ms-culture to the complete medium. 


Table 5. Sequence of pigment formation in the mycelia during cultivation on 
Czapek-Dox solution (after Shibata e¢ al/., 1955). 


Pps Observation Pigments formed* pH 
0 eae 
5 White colonies develop 
Reverse side of colonies: orange; ne A 
6 Culture medium: pale yellow Ery, sky 3.1 
Spore formation occurs; 


if Reverse side of colonies: Ery, Sky, Oxysky Sell 
yellowish brown 


8 Culture medium: reddish brown oe Oe a Si Se 
9 i he formation is 3.9 
10 " —— 3.4 
u Fin. 3.6 
12 ” : 3.6 
21 ; " ; 4.0 
25 " : 4.2 


* Ery: erythroskyrin, Sky: skyrin, Oxysky: oxyskyrin, 


Chry: chrysophanol, 
pig-C: pigment-C. ed 


May 1959 


Bot. Mag. Tokyo, Vol. 72, No. 851 


225 


ALSACE Lc. HEHE 6 aS (pH UT a. CLICHE Y 
9.8 OK 40 ml. Foe 100ml. B=fy7 5 Na Pe eG RO ny 
RISE TE IAL % LB Stz, 

(PH 6.2~64. ObF HI 40 ml. > % 100ml. L) Se Rh ICIS 4 (aso Hy UME 
AAA7 7 A VICE), Wee ey (100 ml. KARMEIC kT, pigment-0.8 LU Fla- 


A=fH7 7 AAMC pH6.6~6.8 OPH 20 ml. voskyrin OJBawlkt <ICWBEAL << HAN, 
TOPIEDE DOE, 40ml. FOHIEDEO) FH n> pet  1~2 (LOR RECZHS OV RAG 
WO, CALS ICM MEP Hh CHRD Fi yf > Pehl Ate < 72H (#2, 3) OC, STA 


Table 6. Sequence of pigment formation in the mycelia during cultivation on 
complete medium (40ml. solution in each 100 ml. flask, See .8—6.0, 27°.). 
Days after Number of ; : ; vi 
inoculation Experiments | Observation Pigments pH 
0 5. 8—6. 0 
| Pigment formation 
| Mycelia cover the iscomplete (pig 
2 2 | whole surface of the | 0.8 and Flavoskyrin 4 4—4.6 
| medium are present in 
slightest amount) 
iaiyeetia : ee - S , a 3. 0—3. 2 
3 2 | orange-red. Spore eed cea Oat 
' formation occurs OED a 3.4—3. 6 
2.6—2.8 
2 | 2823-0 
5 1 | A= OrG 


Table 7. Sequence of pigment formation in the mycelia during cultivation on com- 


plete medium of 1/5-dilution (40 ml. solution in each 100ml. flask, pH 6.2— 
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0 (2 (Gy 
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5 2 orange-red is complete 3.4—3.6 
6 i} 3.2—3.4 
8 1 3.4 
10 i 3.4—3. 6 
* Ery: erythroskyrin, Sky: skyrin, Oxysky: oxyskyrin, Chry: chrysophanol, pig-C: 
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Table 8-a. Sequential occurrence of pigment components in the mycelia during 
cultivation on minimal medium (Czapek-Dox solution; 20 ml. solution in 
each 100 ml.-flask, pH 6.6—6.8, 27°). 

Days after Number of nae: : s ied H 

ao cakacion Experiments Observation Pigments formed | p 

0 yeas 
5 9 | Colonies develop; sn) 
- | Medium: colorless 4-4 —A. 8 
Colonies cover the | 
3 2 whole surface of the | Bo= 38 
/ medium | 
| Mycelia: slightly 32-34 
4 1 orange | Erysoky 3 ALSOHG 
Medium: pale yellow js : 
Mycelia: orange..---:-- Ery, Sky, Oxysky 
: 3 a (Bry, Sky, Oxysky, | eeeere 
Mycelia: orange-red::- Chay, pis-C 
= a = = ail 
6 9 Mycelia: brownish Ery, oky. Oxyoky; 3.2—3.4 
orange-red Chiny= pic-€ 3.6—3.8 
Mycelia: brownish 
7 2 orange-red; ” 2 ake 
Spore formation occurs ‘ : 
Medium: brownish- Pigment formation 
a 2 yellow is complete 6.6—6.8 
* Ery: erythroskyrin, Sky: skyrin, Oxysky: oxyskyrin, Chry: chrysophanol, pig-C: 
pigment-C. 
44 Cd Erythroskyrin, Skyrin, Oxyskyrin, Flavoskyrin QsHHS 4 CT EdbR>5 7%, 
Chrysophanol, pigment-C aHlibn, wed b) 100ml... AB=Ag > aaic 40 milo 5s 


A Ate pigment-0,8, Flavoskyrin 8 flpnt, 
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minimal medium (Czapek 
pH 6.6—6.8, 27°). 
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a during cultivation on 
-Dox solution: 40 ml. solution in each 100 ml. -lask, 


Days after | Number of : : * 
Gelatin ineeue eats Observation Pigments formed* pl 
0 | 2 6.6—6.8 
Zz 2 | Colonies develop 4,2—4.4 
Golones cover the 
3 2 whole surface of the 3,040 
medium 
4 5 Mycelia: orange to Bry, Sky, Oxveky 3.6—3.8 
= orange-red Cae Stig aes o i : 
= loz : ; Ery, Sky, Oxysky, 
5 2 | Color deepens Chry, pig-0.8, pig- C 3p 4—3 00 
| 5 ti ; 
6 2 | Medium: pale yellow Pigment fort May tO 3.4—3.6 
4 1 | Spore formation " 3. 4—3.6 
9 i 4.2—4.4 
* Ery: erythroskyrin, Sky: skyrin, Oxysky: oxyskyrin, Chry: chrysophanol, pig-C: 


pigment-C, pig-0.8: pigment-0. 8. 
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Summary 


The formation of anthraquinone pigmentsin the mycelia of Penicillium islandicum 
Sopp. NRRL 1175 during cultivation on different kinds of media was studied in 
detail by means of paper chromatography. 

1) Seven pigments, erythroskyrin, skyrin, oxyskyrin, chrysophanol, pigment-0.8, 
pigment-C and flavoskyrin, were detected in the mycelium grown on complete medium 
(Table 1). 

2) Within a range of pH 5.4 to 7.6, the formation of the mycelial pigments did 
not depend on pH-value of the culture media used (Table 2). However, the occur- 
rence of the pigments, in particular pigment-0.8 and flavoskyrin, was found to be 
affected by the nutrients added to the medium (Table 2, 3 and 4). 

3) After several generations obtained by successive inoculation of conidia on 
the minimal medium, the biosynthetic capacity of the mold to form both pigment-0.8 
and flavoskyrin is completely abolished, and can not be recovered even after inocula- 
tion on the complete medium (Table 4). 

4) From the data obtained in relation to the sequence of pigment synthesis in 
the mycelia (Table 5-8), it is suggested that skyrin is a primary product in the 
biosynthesis of anthraquinone pigments and oxyskyrin is derived therefrom through 
oxidation of its 7-CH, group. Both pigment-0.8 and flavoskyrin are probably formed 
in the final step of biosynthesis. 

9) Since the structure of erythroskyrin remains unsettled, any final evidence 
could not be obtained at present for the biosynthetic interrelationship between 
erythroskyrin and other mycelial pigments. However, in view of the fact that the 
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formation of skyrin takes place in growing mycelia even after erythroskyrin has 


ceased to be formed (Table 3 and 4), 


it is suggested that erythroskyrin is not 


involved in biosynthetic route of skyrin as an intermediate. 
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Introduction 


As regards the mechanism of the dehiscence of antheridium, many investigations 
were hitherto reported”. They were made principally from the morphological view- 
point, though some of them from more or less taxonomic standpoint. Fujii and 
Asahina”) studied the discharges of the /soetes-spermatozoids caused by chemicals. 
The dehiscence of antheridium of fern has, however, not yet been analysed cyto- 
morphologically. Hiraoka*) studied the suction force of the spore mother cell of 
Cyrtomium in meiosis and reported that an increase in suction force at the onset of 
the bouquet stage and a decrease in the pachytene stage. This decreased suction 
force is maintained till later stages. Recently Holden’) studied the factor of 
dehiscence of flax-fruit, and found that the diffusion pressure deficit (DPD) shows a 
slightly greater value for the dehiscent variety than for the semidehiscent variety 
and the degree of imbibition has an effect on the amount of dehiscence. In order 
to understand the mechanism of the dehiscence of antheridium, it is important to 
measure the osmotic values of wall cells of the adult antheridium and of the spermatid, 
which in turn will give information about the magnitudes of their suction forces. 


Materials and Methods 


As experimental materials, the antheridia produced on the prothallia of the fol- 
lowing ferns belonging to Eufilicineae were employed: Leptogramma totta Jj. ‘Suagiliclny, 
Matteuccia struthioptevis Todaro, and Osmunda cinnamomea L. var. asiatica F ernald. 
Of these, however, the first one was chiefly used. 

As for the determination of suction force, the principles and the methods of 
“Gleichgewichtsmethode” of Ursprung and Blum”, Ursprung®), and Hiraoka’) were 
followed. The prothallia, on which the antheridia were produced, were dipped in a 
drop of liquid paraffin, and the minor diameters of the wall cells, i. e. the cap cell, 
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the ring cell, and the basal ring cell, were measured by means of a micrometer (L). 
Then, the liquid paraffin was replaced by a series of aqueous solutions of sucrose 
whose concentrations were made from 0.50M to 0.80M with intervals from 0.)1M to 
0.02M. And as in the case of the liquid paraffin, the minor diameters of the wall 
cells were measured (L’). The immature antheridia, where the spermatoteleoses 
were going on, did not extrude the spermatids in the solution. Therefore, the mature 
antheridia which had finished the spermatoteleoses were selected for observation. As 
the form of wall cell is not suitable for the measurement of its volume, the diameter 
of the wall cell was regarded as the criterion showing the osmotic pressure of the 
wall cell. 

When L was equal to L’ at a certain concentration (C,) of the aqueous solution 
of sucrose, viz. the wall cell did not alter its form (volume) and no extrusion of the 
spermatids out of the antheridium occurred, the osmotic value C, was regarded as 
the suction force of the wall cell. The temperature of the solution was kept at 
20+2°. For the purpose of investigating the suction force, the experiment was 
conducted merely by using the solution of sucrose, and glucose, urea, KCl, CaCl, and 
AlCl, were used in order to obtain complementary data concerning this problem. 
The concentrations of these aqueous solutions were made up from 0.50M to 1.00M 
with intervals from 0.01M to 0.02M. 

Now that the forms of the spermatids are almost spheric, the changes of their 
volumes are available to be measured by a method which is identical with that in 
the case of the wall cell. The volume of the spermatid within the central cavity of 
antheridium which was dipped in a drop of liquid paraffin on the slide glass, was 
measured by means of a micrometer (V). Next, the liquid paraffin was replaced by 
a series of aqueous solutions of sucrose of graded concentrations as media, and the 
volume of the spermatid extruded out of the antheridium or in the central cavity 
was measured (V’). When V and V’ are the same at a certain concentration (C,), 
the osmotic value represented by this concentration of the sucrose solution was 
regarded as the suction force of the spermatid. According to the same measurement, 
the volumes of spermatids contained in the central cavity of the antheridium were 
also represented as v and v’, respectively. 


Results 


In the aqueous solution of sucrose 32 antheridia were examined in every solution 
and the wall cells of antheridia showed increases in their volumes. That is to say, 
the wall cells of antheridia swelled in some hypotonic solution (below 0.96M) (Fig. 1), 
though the swelling grades were not the same. As to the sWelling grade, that of 
the basal ring cell is the greatest in many cases, and it may be assumed, in general, 
that the swelling grade of the basal ring cell is the greatest, that of the cap cell 
the smallest, and that of the ring cell intermediate (Table 1). This phenomenon is 
also observed in the experiments concerning glucose and urea. The results in the 
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case of Leptogramma totta were shown in Table 1. However, other species used in the 
present experiment showed ; 


eye Pees pencomeante s 


also fundamentally the same 
results. In the case of sucrose, 
0.74M aqueous solution makes 
the volumes of the wall cells 
increase and these cells swell. 
Then, the extrusion of the 
spermatids occurs. On the 
other hand, in the case of 
0.98M solution, the wall cells 


swell and the spermatids ex- Fig. L Fig. 2 
trude rarely out of the an- Fig. 1. The wall cells of antheridium of Matteuccia 
theridium, but in many cases struthiopteris Todaro which are increasing 


their volumes in 0.96M aqueous solution of 
sucrose (Phase contrast microscope, negative 
their volumes, namely they do high). 
not show their turgor pres- a, cap cell; r, ring cell; b, basal ring cell; 
c, central cavity in which the spermatids 
are included. 
sion of the spermatid does not Fig. 2. The spermatids extruded out of the central 
cavity of antheridium in Osmunda cinnamomea 
L. var. asiatica Fernald in redistilled water 
(Phase contrast microscope, negative high). 
of course, the spermatids do a, detached cap cell; s, spermatids out of 
not extrude out of the anthe- which the spermatozoids will be extruded 
in a moment. 


the wall cells do not change 


sures, consequently the extru- 


arise. The wall cells show 
the convex plasmolyses and, 


ridium in the case of 1.00M 
solution. Some representative results are given in Table l. 

From these results it is presumed that the suction force of the wall cell corre- 
sponds to the osmotic value of 0.98M aqueous solution of sucrose, which is calculated 
to be 33.6 atmospheres in Leptogramma totta. According to the same presumption, 
the suction force is supposed to correspond to the osmotic value of 0.85M and 0.92M 
aqueous solution of glucose and urea, respectively. These osmotic values represented 
as suction forces of the wall cells are generally greater than those of the prothallial 
cells which are vegetative. For instance, in the case of sucrose, the greatest osmotic 
value of the prothallial cell in VI region (apical region) was 0.82M aqueous solution”. 
This fact is considered to be worthy of notice. 

Concerning KCl, CaCl,, and AICl,, some representative results are shown in 
Table. z. 

From Table 2, the suction force of the wall cell is supposed to correspond to the 
osmotic value of 0.76M aqueous solution of KCl in Leptogramma totta. It is similarly 
found that, in CaCl, and AICI, solutions, the osmotic values of 0.61M and 0.58M aqueous 
solutions were regarded as the suction force of the wall cell, respectively. These 
values are greater than the osmotic values of the prothallial cells as in the case of 
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Table 1. Increase of the diameter of the wall cells of the antheridium in 
Leptogramma totta J. Smith. (1). 


Increase of the diameter of | 


the wall cell | Extrusion of | 


Solution eaten! | (L'!—L)/L x 100 | ees | 
a4 he See =i — antheridium | 
Cap cell Ring cell Basal ring cell | | 
Sucrose | 096 150.0 166.6 | i 166.8 Extrusion | 
166.6 200. 0 208.3 ” 
207.7 258. 3 Dae W/ 
2153 | iss, 280.0 ” 
0.98 130. 0 146.9 150. 0 ” | 
0.0 0.0 | 0.0 No extrusion | 
1.00 | 0.0 0.0 0.0 7 
| Convex | Convex | Convex. i 
plasmolysis plasmolysis plasmolysis 
Glucose 0.83 US 169. 2 169.2 | Extrusion 
207.0 | 258. 3 269. 2 i 
| 0. 85 84.6 | 100.0 | 100.0 | No extrusion | 
0.0 0.0 0.0 
0. 87 0.0 0.0 0.0 ” 
Convex Convex Convex 1 
| plasmolysis plasmolysis plasmolysis 
Urea 0. 90 130.7 169. 2 176.9 Extrusion 
a ear 246.1 275.0 i | 
0.92 | 0g 53\3 53.3. | No extrusion | 
0.0 0.0 | 0.0 
0. 94 Convex Convex Convex a 


| plasmolysis plasmolysis plasmolysis 


sucrose. For example, in CaCl, solution the greatest value of the prothallial cell in 
VI region (apical region) of Leptogramma totta was 0.44M aqueous solution. 

The representative results with respect to the spermatids shown in Table 3 were 
obtained. 

As the materials, 132 spermatids produced in 37 antheridia were employed and 
the spermatids were observed to be osmotically in equilibrium with 0.74M aqueous 
solution of sucrose used as a medium (Table 3). That is, this concentration of the 
sucrose solution shows the osmotic value which corresponds to the suction force and 
equals to 23.1 atmospheres in Leptogramma totta. This value is considerably high. 
A possible consideration is able to be advanced below from the results of Table 3. 
When the antheridium was immersed in the water, the increases of the volumes of 
the spermatids contained in the central cavity of the antheridium occur more or less 
owing to their suction forces. After the extrusion of the spermatids out of the 
antheridium, the spermatids gradually increase their volume (Fig. 2) and reach the 
maximum of increasing, and then the spermatozoids come out of the spermatids. 
This high suction force is considered to be an important factor which plays a funda- 
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Table 2. Increase of the diameter of the wall cell of antheridium in 
Leptogramma totta J. Smith. (2p: 
| | Increase of the diameter of Pea 
Salt Concentration eel aN spermatids 
(M) ee ey ad ; out of the | 
Cap cell Ring cell | Basal ring cell | antheridium | 
KCl 0.74 100. 0 307 130.7 Extrusion 
| | 166. 6 207. 2 208. 0 
| 208. 8 284.6 284.6 
0.76 Soe 44.6 S309 No extrusion 
0.0 0.0 0.0 ” | 
0,78 Convex Convex Convex 
plasmolysis plasmolysis | plasmolysis 
CaCl, 0. 60 100.0 113. 3 I 2 Extrusion 
207.7 23303 246. 1 
0.61 MTS 19/2 20.0 No extrusion 
0.0 0.0 0.0 y 
0. 62 0.0 0.0 0.0 
Convex Convex Convex 
plasmolysis plasmolysis plasmolysis 
AICl, 0.56 Ses 130. 7 140.0 Extrusion 
203-3 230n8 246. 1 
0.58 100.0 Meares US es No extrusion 
cre | 0.0 0.0 
0. 61 0.0 0.0 0.0 
Convex | Convex Convex 
plasmolysis | plasmolysis plasmolysis 
Table 3. Increase of the volume of spermatid in Leptogramma totta J. Smith. 
eae | 
: Concentration pe ae | eee alii | Extrusion oy 
Solution | (M) of antheridium antheridium | ee ie 
(v/—v)/v x 100 (V/—V)/V x 100 | 
| Sucrose O72 0.0 | PO) Extrusion 
12.5 | 45.2 i 
14,3 98.2 y 
NE} (0) 61.7 
Paley? 72.8 
0. 74 0.0 Af ” 
0.0 | 0.0 | No extrusion 
0.76 0.0 | 0.0 | ; 
Shrinkage of the Shrinkage of the y 
spermatid- spermatid- 
membrane occurs membrane occurs 
slightly slightly 
Redistilled 0. 0 40.5 Extrusion 
water 132 58. 2 7 
24.9 103.4 " 
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mental role in the dehiscence of the antheridium and in the extrusion of the sper- 


matozoid out of the spermatid. 


Discussion 


It has become evident that the wall cells of the antheridia in Leptogramma totta 
and other two species exhibit considerable high suction forces and are able to increase 
their volumes. Leptogramma totta shows a suction force corresponding to the osmotic 
value of 0.98M aqueous solution of sucrose which is equivalent to 33.6 atmospheres. 
Besides sucrose, the suction forces which corresponded to 0.74M, 0.61M, 0.58M, 0.92M, 
and 0.85M aqueous solutions of KCl, CaCl,, AICl;, urea, and glucose were obtained, 
respectively. It can also be seen that the osmotic value of the wall cell is higher 
than that of the prothallial cell. It is known that the osmotic value of the seashore 
plant is high®), while that of the alpine plant is, in general, low”. In the present 
study the osmotic value of the wall cell of the antheridium and the spermatid have 
been confirmed to be higher than or almost equal to that of the seashore plant. 
Diannelidis'” reported that the osmotic value of the guard cell of the stoma is higher 
than that of the epidermal cell in Stratiotes. The same fact has been also observed 
between the antheridium and the prothallial cell. The present writer considers that, 
as the guard cell which has the function of opening and clesing has a high osmotic 
value, so do the wall cells of the antheridium also possess a high activity of swelling 
owing to their big osmotic value. 

The spermatids contained in the central cavity of the antheridium increase more 
or less their volumes in many cases and those extruded out of the antheridium in- 
crease markedly in the water. And the suction force was supposed to correspond to 
the osmotic value of 0.74M aqueous solution of sucrose (23.1 atmospheres) in Lepto- 
gramma totta. This value is comparatively large as described above and it is con- 
sidered that this magnitude of the suction force of the spermatid may be related to 
its extrusion out of the central cavity of the antheridium. 

Therefore, confirmation of the suction force of the wall cell and that of the 
spermatid is significant in clarifing a factor in the dehiscence of the antheridium, 


i.e. the extrusion of the spermatid out of the antheridium, and the discharge of 
the spermatozoid out of the spermatid. 


Summary 


Surveying the suction forces of the wall cells, viz. the cap cell, the ring cell, and 
the basal ring cell of the antheridium and the suction force of the spermatid chiefly 


in Leptogramma totta J. Smith, the following facts were obtained. 


1. The suction force of the wall cell is comparatively high and is equivalent to 


the osmotic value of 0.98M aqueous solution of sucrose which corresponds to 33.6 
atmospheres. 


2. This value is higher than that of the seashore plant cell known as possessing 
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a high osmotic value. Concerning the magnitude of the osmotic value, the relation- 
ship between the wall cells and the prothallial cells resembles the relationship between 
the guard cells of stomata and the epidermal cells. 

3. The suction force of the spermatid is also comparatively high and corresponds 
to the osmotic value of 0.74M aqueous solution of sucrose (23.1 atmospheres). 

4. The mechanism shown by the wall cell and the spermatid having a high suction 
force is considered to be an important factor in the dehiscence of the antheridium 
and the extrusion of the spermatozoid out of the spermatid. 


The writer wishes to appreciate Prof. A. Yuasa, University of Tokyo, and Prof. 
T. Miwa, Tokyo University of Education, for their valuable suggestions and their 
pelite revisions of the manuscript. 
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In order to analyze the physiological mechanism of sexual reproduction of 
heterothallic fungi, Neurospora crassa, aS an endogenous factor, the hormonal effects 
of the culture filtrates of both mating type strains on the formation of fruit body 
should be studied. 

In the vegetative stage the mycelial and conidial development of the vegetative 
thallus is achieved by hyphal tip elongation and somatic hyphal cell division. In 
the reproductive stage, the fruit body formation is initiated by gamentangial 
copulation of vegetative hyphae accompanying nuclear fusion. Concequently, it is 
assumed that there is a differential metabolic process in both the asexual and sexual 
growth phase. Thus it seems convenient for studying this mechanism also to 
examine nourishmental differentiation inducing a qualitative change in the metabolic 
status of the vegetative and reproductive growth phase. N. Fries!) determined 
a nourishmental constitution to be given to the minimal medium which would 
be favourable to the vegetative growth of this fungus. It contains ammonium 
tartrate and ammonium nitrate as the nitrogen source in the medium. Westergaard 
and Mitchell have recommended potassium nitrate (1g./l.) to be the best nitrogen 
source applied in the synthetic medium to favour the perithecial formation”. It 
became clear that the presence of both ammonium and nitrate is necessary for 
vegetative growth, and also that the application of nitrate and elimination of am- 


monium as a nitrogen source in the medium for reproductive growth are required. 


Material and Method 


The strains used in the present experiment are A(+) and a(—) isolate from 
the progeny obtained in a crossing of the wild type of N. crassa 4A(+) and 8a(—). 
These strains are normal in every external feature, i.e. in mycelial, macro- and 
micro-conidial feature. They form fruit bodies after about a 2 week period when 
cultured on a synthetic basal medium at 25°. 


* Laboratory of Botany, Dairy Section, Obihiro Zootechnical College, Obihiro, Japan. 
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The medium used for mating in this experiment is the synthetic medium sup- 
plemented with various ammonium type nitrogen which contains the same gradients 
with the synthetic medium* devised by Westergaard and Mitchell?). Various ammo- 
nium type nitrogen compounds to be added to the synthetic medium are (NH,),C,H,O,, 
(NH,):C,0,H,0, CNH,).50,, CNH,),CO;, NH,Br, NH,I, NH,NO,; and NH,Cl. Eight series 
of agar cultures in which the amounts of these nitrogens varied from 110-‘M to 
1x10-2M to give the ionic concentration ratio of NH; and NO; varied from 10:10 
to 1:10 were set up. As NH,NO, has a nitrate ion group, the amount of KNO, 
contained in the synthetic medium is varied to keep the above iconic concentration 
ratio. The method devised for studying the effect is as follows: the examination 
of the direct effect of the minute amount of ammonium is carried out by the 
perithecial formation test on a slant medium containing varicus ammonium types 
of nitrogen in the ionic concentration ratio of NH? and NO; varied from 10:10 
to 1:10. The examination of the indirect effect is done by using a filtrate agent. 
The process is as follows: A loop of each spore suspension (ca. 28x10°/ml.) of the 
A(+), a(—) single strain, and A(+) and a(—) mixed strain is planted in a liquid 
medium 100ml. in a flask, and incubated at 26° for 3 to 6 days in a dark chamber. 
The liquid medium is then filtered through a Seitz Filter (Toyo Asbestos Sterilizing 
Film No. 85) to remove completely free mycelia and conidia which are measured 
after drying completly. The culture filtrate or the CF**, contains the filtrate agent. 
The pH of the medium was adjusted at 6 to 6.5 by Na,HPO, before sterilization. 
The perithecial formation test as a measure of the effect is conducted by counting 
the protoperithecia formed in the test tube containing the slant medium. 


Experimental results 


In order to examine the effect on protoperithecial and perithecial formation of 
various ionic concentrations of ammonium, a test for the formation and counting 
of protoperithecia and perithecia was conducted. The influence of the [NHj]:LNO;] 
ratio in the medium on protoperithecial and perithecial formation was tested in the 
first experiment. A loop of spore suspension was placed on all synthetic agar media 
to which had been added various gradient amounts of each of the ammonium 
type nitrogen sources containing either (NH,), or (NH,) group. The number of 
protoperithecia and perithecia formed after 10 to 14 days incubation at 25° in a 
dark chamber was counted. The result are shown in Table 1. The formation of 
protoperithecia was normally initiated after a lag period of 5 to 7 days and became 
stationary within 10 to 14 days after shedding large number of perithecia. Mycelial 
growth was not so abundant. The formation rates in two cases where either 
(NH,).C,H,O, or CNH,).C,0,H,O had been added were more remarkable than the 


* The gradients are KNO;lg. KH,PO\lg. MgS0,7H,.0 0.5 g. NaCl 0.1 g. CaCl, 0.1 g. sucrose 
20 g. trace elements, biotin 5x10-°g. agar 20g. in 1 liter distilled water. 
** The term is referred to the culture filtrate by Dr. N. Tanaka (1957). 
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others. In addition, the number of perithecia increased remarkably at a particular 
‘onic concentration ratio of ammonium and nitrate ions among all ratios tested from 
O10: to MOO. 

In the case of (1) the ratios at which peak of perithecial formation was revealed, 
were 8:10, 5:10 and-1:10; in the case of (2) they were 9:10 and 6:10; in the case 
of (3) they were 7:10, 5:10 and 2:10; in the case of (4) they were 8:10, 6:10 and 
2:10; in the case of () they were 9:10, 6:10 and 1:10; in the case of (6) they 
were 9:10, 6:10 and 2:10; in the case of (7) they were 9:10, 5:10 and 3:10; in 
the total they were 8:10, 6:10, and 1:10. Ata ratio of 10:10, the case in which the 
peak appeared was (2); at 9:10, it being in (2), (5), (6) and (7); at 8:10, it being 
in C1); C4) } at 7:10, it being tin (3); at6710, 1 vemg thn! (2), Gyo) and (Oo), at 
5; 10, 4t, beingin CL), @) end Gs ae 4:10) it being in 2)7 at" S40) av being in Gp 
and (7); at 2: 10,.it being: in (3),.C).) and (6) imate l0at being 4m Cl), (5) ane*(o- 


Table 1. Perithecial formation resulting from variation in the amounts of 
ammonium type nitrogen sources. 


Se ate Number of perithecia formed on agar-agar medium 

; \ fallo” . | supplemented with various concentration ratios of 
Ammonium 4J:| either ammonium or nitrate ion 

type nitrogen [NOZ] 


added to KNO, 
. 10/10 eee Ua ignige he ain ees Total 


See 218* | 250 420 382 362 460 20d 327, 210 470 110 9. 
Le NE D2CiH,0¢ care 29|-+17|+22|4-23| 4.36 15 3 + 30/4 231-£27| +23] 2 on 
Tests ois 243 | 330, 306 238 380 215, 274 125 155, 172| | 
2. (CNE pe Ol bs ‘ 5 Fe Os elionad 

(NH,)2C,0,H20 417 |417|4:24/417)412-418\418| +9414) +9 * | 248 
Se i Sami 
ant 40 60 140 173 145 190 167 144 182 118 
Pb’ +7 |£29)% 1614-31] 4-25] 4 22] 4 25kt 3214 16|422| ” | 1469 
pie? 71| 50| 69) 31/108 | 45| 83 117; 20 ‘ 
Speeae a +8) £8414 45/422) F +7 £8 412 Ae tes 
] | =e | | | = 
eee 26 | 200, 137, 72 156, 80) 44) 92 130] 140 
alee £10 |4£12'415412/410-417| +7] 49419411) ” | 48? 
= | Etuey ES | | 
pager 0| 105 4 51) 132 17) 65) 40, 100! 981 |, cap 
£25, £1/411'417| +5'420| 47447410 ” | °% 
a ee g1/ 841 38 0 45\ 100, 0] 105, o| 50 | 
oc att +28 |417) £8 | /e6/420) 9 fa19] ara) ” | 628 
ication Seat | Te 
ae ee ile j 0 3 10 22 9 0, | aa 
| | 245 +1 a 
| | | 
Total 679 10791114 947 Pacer 910, 888 8941067 880 10822 


* The average number of ten tubes under culture duration 5-1] days after 
planting at 26°. 


** Stendard error (25) 
n(n—1) 


Furthermvre, the second experiment was conducted to investigate the influences 
of the CFs produced in the synthetic media in which the ratio of GNI eENOss 
:) 3 
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Table 2. A relationship between various ammonium type nitrogen source combined 
with potassium nitrate in ten grades of [NH}]:[NO;] and the CFs (+CF, 
+CF and —CF) obtained from synthetic medium supplemented with these 
nitrogen sources for protoperithecial and perithecial formation. In the 
+CF series A(+) and a(—) were inoculated, in the +CF and —CF series 
either a(—) or AC+) was inoculated respectively. Ion ratio of [NH7] 
and [NOZ] was varied in the range of 10:10 to 1:10. Measures were 
accompanied by the standard error. 

Wg - | > 2 — 
~_CF RATIO Number of protoperithecial formation 
~_agent | 

ee al it ale do hadi la achaelnigaca 

source Sed 10/10 9/10 8/107/10 6/10 5/10|4/10 3/10 2/10,1/10 lof Cr. 

oS _ A Et Nee | A Rea eM ll oe eae aL 
| =e 28 ) 55) 110} 65) 85) 164) 105) 64! 140 85) 901) 
| #6* £84 14/411)4+11/+ 24/4 Penge 
5 Rese (ee 7 | 23) 58) 58) 92) 240] iL OO 
1. CNHy,)e2CyH4Og +3] +6 +9 391 +8 27| | 93 ersysyaeel 
— 53 | 77| 161); 79) 67| 64) 26! 4 668 
ge |aeE Us 20) oe Tha Ol 13) 7) eee) 2) 
SE 24°\ 45) 26) 25) 26)" 55! 20 NPA 
$6 [S21t 16) 25> e417) 4 ape 
4 ON 7a) 0) Sha; 14) 79) | Ite ° 19 
2. CNH,)sC.H,H.O +18 413} 414-16 apices Mieke 
= 26 37 0; 40; 40) 23) iss) 27h 
oe eae ee eae ee ee) a 
= 23} 3%) 14) 36) 58) 4 17 364 
a TL |212) 4:5)+-10|+ 16) +6 caer 
. Z| (0) 56) 36 Sil ieee 
3. (NHs)S0, an £56 42 leila Pi 
eS) | AO AG) Ste 4G) 372 0 374 
£18 |+11/+12) +4/411/411] | 
+ 0)7 0 0 oO oO Oo 10 
| | | | 
2 24 UB} PalG) USF 2 S38 Lil 21 242 Aries 
4. CNHs)2CO; "| sin [etl £7 +1/412) +9 age 
= 0 OO) ah Ge 12) 0) 22) 
|| +1) +3) +7 oi 
Ee 89 109 88 105 99 45) 50) 787 
+7 | +6) £7) +5) +4] +4 colgee 
ste 84] 34 84 8 5! 30) i 9 
5. NH,Br 61°45) +8) £3) 4:9} +3 Bit 
ieee 0; o OF 8 OF O 0 
| eee — 
Ey | Ol a BS 3 31 
| | +1) +1 zy ie 
F se Zap 0) 0) 0 | .5:0.5:1 
6. NHI dl mepy ol | eal eT + ! 
— OO 10 0)" 13. 40! cy (8S 
| a Mala ee! biatee 
Be 29'| 34) 13! 33! 6) 26 3} 208) 
| Sen) 2E2)) 63) 24) 4) 9 
} +} 30] 15! 46 16) 16 S187) 72424 
7. NH«NO; | | £12 |£ 3/414) +3) +3 
_— 267) 40" 60)  3i isi 0 191 
Wee sero ce OWA SIS | of | | 
pipes 54) 72) 70) 85) 50) 60 534 
BOS) GS) Geile) Geil) Syl eee) 
16 | 66) 50) 45) 24) 181 16 297| 9-4. 4:1 

8. NH,Cl +5 |£11 £8 +91 +7 +4 +6 

a1 3B.) ELA UZ) S19) 30) We2Ohy <2 186 
+6 | +4) +3) +4) +6 B= Opin 
= —s Ser ak = 


* Standard error 
** Highly significant 72 (P<0. 01) 
«xe Significant 7? (0.05< P<0. 2). 
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was changed in 10 grades for every combined ammonium salt. The protoperithecial 
formation test was conducted by inoculating two sexual mating types, AC+) and 
a(—), on the agar medium supplemented with either the +CF or —CF prepared 
from the liquid synthetic media in which single culture of two mating type hyphae 
was grown. The results were shown in Table 2. In general, in the case of (1), 
(2), (3), (7) and (8) the effective formation was revealed. .The concentration ratio 
of the ions in question in the medium was certainly related to the perithecial yield. 
In order to see whether. the significant difference does exist or not in the experi- 
pats 
n(m—1) 
and described in Table 2 as well as in Fig. 1. In the first experimental case (1) 


mental lots for perithecial yield, the standard error es ) was caluculated 


the ratios at which the peak of perithecial formation was revealed, were 8:10, 5:10 


and 2:10 in the +CF series; they were 5:10 and 1:10 in the +CF series; they 


were 8:10 and 2:10 in the —CF series. As a whole, the developmental stimulation 
+CF was seemed 


in the experimental lots (1), (2) and (3) supplemented with the 


to be intermediate of those observed in the +CF and —CF series, and in others it 
was predominant. 


+ 


OTOPERITIL AND FER TU 
= = 


OF Pik 


NUMBER 


Yi0 7/10 37710 
LON LC CONCENTRATION RATIO 


Fig. 1, The influence of CFs from the synthetic medium containing ammonium 
and nitrate in 10 grades ionic concentration ratio on the protoperithecial 
and perithecial formation. The signs used 1n the figure show the following 


notes: 
A : perithecial formation of A(+) and a(—) by +CF, 
—----- @ ------: protoperithecial formation of a(—) by +CF, 
—-—~—-©-—-=—: protoperithecial formation of AC+) by —CF, 
I : range of standard error. 


The numerals in abscissa indicate the ratio of LNT lic [NO] in the synthetic 
media for preparation of the CF. 


Consideration 


In the sexual reproductive process, the physiological: sequence concerned with 
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the fruit body formation in bipolar fungi, N. crassa, should be pursued primarily by 
analyzing conditions which seem to be responsible for creating differentiation in the 
physiological process which may work in developing a reproductive phase from a 
vegetative one. This will partly be achieved through an examination of the 
nourishmental differentiation among the minimal media and of a lot of synthetic 
media that were recommended by several investigators in the past. The minimal 
medium used heretofore for the vegetative growth of N. crassa, contains (NH,).C,H,O, 
2g. (5/2 10-°M) and NH,NO, 1g. (4/3.2x 10-2M) as the nitrogen sources2). Mean- 
while the synthetic medium recommended for the reproductive growth contains only 
KNO, 1g. (1x10°M) without ammonium compound. In the minimal medium, if 
all nitrogen sources had dissociated completely into the ionic condition in the medium, 
the ionic concentration ratio of [NHj]:[NO3] should be.54+4/3.2: 4/3.2=5:1, and in 
the latter this ratio will be 0:1. This fact, namely, seems to indicate that the 
excess amount of NH; in the medium may be responsible for reduction in the 
perithecial formation in reproductive growth. At the same time, less frequent 
formation of the perithecia to be produced when this fungus cultured in the synthetic 
medium which contains only NO;z as a nitrogen source might be due to lack of NH} 
in the medium. It should be expected, at the same time, that the activity of NHj 
in the synthetic medium might have an analogous inhibiting activity for perithecial 
growth as in the case when the amount of some metal ion is too great. 

On the activity of NOZ in the perithecial formation Hirsh*) stated that pro- 
toperithecial formation increased with an increasing of the amount of KNO, until 
it reaches a maximum at a concentration of lg. per litre after which the number 
fell off. Furthermore, he examined precisely the nitrate effect and concluded that 
the presence of NO; did not affect fertilization and fruit body development but rather 
some stage in the differentiation of the protoperithecium, and that there should be 
a radically differential mode of utilization of nitrate in conjunction with the appearance 
of the two different ‘ physiological states” at two temperatures. 

As shown in Table 1, the distribution frequency in the number of perithecia is 
not randomised but shows clotting somewhat; roughly speaking, around the three 
different ionic concentration ratios of [NH#] and [NO3z] 8:10, 6:10 and1:10. It is 
presumably considered that there are three peaks represented by the three con- 
centration ratios of [NH] and [NO;]. It may possibly indicate the presence of a 
specific feature in the utilization of a minute amount of both NHj and NO; for 
perithecial formation by two sexual mating type strains. This may depend also 
upon the differential utilization of both NH; and NO; based upon the physiological 
differentiation of either sexual mating type strains, because, as shown in Fig. 2 in 
the previous report*), in the column 1, 2 and 3 in the Table 2 and Fig. 1, either the 
+CF or —CF effectively acts on perithecial formation for the opposite sexual mating 
type strain respectively, especially, at two definite ionic concentration ratio of NH¢ 
and NO3. The +CF has a stimulative activity for protoperithecial formation at the 
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ionic concentration ratios [NHj]:[NO;]=5:10 and 1:10, on the other hand the 
_CF at 8:10 and 2:10. That is, it is assumed that A(+) strain would produce 
more stimulative substances at certain lower concentration of NHj than the a(—) 
strain does, and at certain higher concentration of NH} vice versa. The ionic con- 
centration ratios [NH]: [[NO;] at which either the +CF or —CF reveals discrimina- 
tive effects on protoperithecial formation are different from each other. As shown 
in Table 2 (column 1, 2 and 3) and Fig. 1, either AC+) or a(—) produces more 
markedly stimulative substance at two concentration ratios, viz.5:10 and 1:10, 8:10 
and 2:10, of NHj and NOj on the protoperithecial formation. Thus, the remarkable 
perithecial formation, as shown in Table 1, at ratios 8:10,5:10 and 1:10 in the case 
of (1), at ratios 9:10, 6:10 and 4:10 in the case of (2) and at ratios 7:10, 5:10 
and 2:10 in the case of (3) etc. could be considered as a combined effect of the 
+CF and —CF on the perithecial formation which is initiated by protoperithecial 
formation of single sexual strain mycelia occured by stimulative substances which 
are produced abundantly at a particular ratio of these ions in the CFs produced from 
the complementary strain culture. Furthermore, this interpretation could be justified 
by comparing the perithecial yields in the +CF series with those in the +CF series 
and —CF series in the Table 2. If the formation effect of the +CF is a sum of that 
of both the +CF and —CF as presumed in the previous report”, that is; 
The formation effect _ The formation effect , The formation effect 
of the +CF ~ of the +CF + of the —CF 

the perithecial yield in the +CF should be one half of the sum of the yield in the 
+CF and —CF when approximately equal number of spore were inoculated. In the 
case of (1), (2), (3) and (7) in the Table 2, the ratios of the formation yield among 
the three CF series were approximately estimated 1.5:2:1,1:1:1,1:1:land1:1:1, 
respectively. However, in the case of (8) it was 3:1.4:1. Thus, it can be concluded 
that the formation effect of the +CF series seen at the three concentration ratios 
would be composed of (a) the effect of the +CF and (b) that of the —CF as shown 
in the case of the (1), (2), (3) and (7), and of the either effect and the effect of 
unknown factor in the case of the (8). 

The problem of the stimulative substances in Neurospora is interesting to be 
solved concerning the nature of the mating type factor and the biochemical 
mechanisms in the sexual reproduction in this organism as well as in the other 
fungi. E.R.Sansome") also stated that although the sexual reproduction depends 
upon the fusion of two nuclei of opposite mating types, there is no evidence that 
heterokaryon formation is necessarily required for perithecial formation, and it would 
be caused by the stimulation of the mycelium of one mating type by hormone-like 
substance produced by the other mating type. In this experiment the existence of 
the sexual hormone-like substances has been clearly recognized as well as in the 
other species. 


If the developmental perithecial formation seen at the several ionic concentration 
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ratio is initiated by several sexual hormone-like substances, it seems that either 
sexual mating type factors (mt* and mt~) act to produce these substances at these 
ionic concentration ratios and they work independently to produce at least two kinds 
of the stimulative substances. At the same time, it seems to be likely that the 
production process of the substance by the both strains is composed of at least two 
processes in relating to nitrate reductase system. This explanation described above 
is supported by the following facts reported by Hirsh») and W.S. Silver and W.D. 
McElroy”. 

According to Hirsh, in Neurospora crassa, a lot of protoperithecia and perithecia 
were formed only when the organism was. grown at 25° and kept continuously 
at the same temperature. When the mold was grown first at 35° and transferred 
to 25° after conidiation produced also a lot of mature perithecia. While those cultured 
continuously at 30° produced incipient protoperithecia which do not develop further. 
However, when the organism was grown at 35° and kept on at the same temperature 
after conidiation, neither protoperithecia nor perithecia were formed. When the 
culture was kept at 25° before conidiation and transferred to 35° after conidiation, 
only protoperithecia were formed, but they did not develop into mature perithecia. 
Thus, it was considered that some stimulative substances were produced at the 
temperature range between 25° and 35° before conidiation. But this prediction was 
not proved substancially, for the extract of any culture before conidiation exerted 
neither stimulative effect nor inhibitory effect for fructification in the culture after 
conidiation. 

On the other hand, W. S. Silver and W. D. McElroy showed that there were 
several enzymatic steps in the reduction process of nitrate to nitrite and they were 
controlled by several different genetic factors which affected either directly or indirectly 
the synthesis of nitrate reductase. 

Consequently, it is suggested that the induction and initiation of the perithecial 
and protoperithecial formation will be presented differentially by trace agents 
contained in the filtrate agent of either the +CF or —CF, in other words, the whole 
sexual reproduction will be consisted at least of two different physiological processes 
of either the A(+) or a(—) differentiated in the utilization of both ammonium and 
nitrate. In order to make evident this problem, it seems necessary that (i) to 
analyze quantitatively the amount of turnover of the NHj and NO; with the lapse 
of culture time under some temperature range, and that (ii) to demonstrate chemically 
as well as physically the potential activity of the specific substances in the CFs for 


the protoperithecial formation. 


The author wishes to express his many thanks to Dr. N. Tanaka for helpful 
and valuable suggestion to describe this report and to Dr. J. R. Raper for his encourage- 


ment in the achievement of the work. 
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Summary 


The present report deals with the effect of different ammonium type nitrogens 
in gradient amounts on the perithecial formation in Neurospora crassa. 

The perithecial induction is activated in media containing either ammonium 
tartrate or ammonium oxalate rather than the other ammonium type compounds as 
nitrogen source. It is made evident that the perithecial formation is conspicuously 
activated in the media supplemented with both potassium nitrate and ammonium 
tartrate to make up the ionic concentration ratio of ammonium and nitrate to be 
either 8410, 6:10 0 L: 10. Tapte, 1), 

This activity is found to be related to some substance produced in the media 
under special ionic conditions; the filtrate of the A(C+) culture (+CF) produces 
substance which stimulates the perithecial formation of the cpposite a(—) mycelia 
and the filtrate of the a (—) culture (—CF) produces substance that activates the 
A(+) perithecial formation. 

There is a compensating declination in the effect of the single filtrate on the 
perithecial formation ; in the A(+) strain culture, the stimulative substance increases 
in the lower ammonium concentrations and in the a(—) strain culture it increases 
in the higher. At the same time, the filtrate of the mixed culture (+CF) has a 
combined effect of both single filtrate (+CF and —CF) on the perithecial formation. 
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As was mentioned in a previous report”, the shoots of cultivated mulberry are 
once cut down annually in early spring or early summer. Felling in the growing 
season may give serious influences on the physiclogy of wocdy plants. After ex- 
hausting reserve substances for vernal growth the assimilatory organs with stem 
are entirely lost by felling, so the growth materials for new sprout, at least in the 
earliest stage, must depend upon remaining reserve substances and may be gradually 
replaced by the assimilates of new sprout. The indirect proof of this process can 
be given by the variation of reserve substances in stump and subterranean part as 
in the research of Taguchi and Nishimura”, of ‘spring cut” and ‘‘summer cut” mul- 
berry. The author also attempted to follow the seasonal variation of reserve starch 
by microchemical method and ascertained the disappearance of reserve starch in 
stem and root in early summer, before and after summer cutting. The quantitative 
estimation of the difference in hot-water soluble carbohydrates (mostly sugars and 
starch) just before and after summer cutting failed on account of the fluctuation of 
individual plants. 

In the present report, the nature of sprout growth after felling was analysed 
from the relationships between gross production and distribution of assimilates. 
This line of study was commenced by Boysen-Jensen*) and was developed by Monsi 
and Hégetsu groups in our country”,”. Recently, Iwaki® analysed the density effect 
in Fagopyrum esculentum community from this view point. 


Material and method 


The materials for this experiment were the cultivated mulberry (Kairyo-nezumi- 
gaeshi, a form of Morus alba) in the mulberry field of the Tokyo University of 
Agriculture and Technology situated in Koganei-shi, Tokyo. The details of culture 
mode were already mentioned in a previous paper’). In order to follow the growth 
process in “summer cut” mulberry, some of the shoots were cut down biweekly and 
the dry weight of leaves and stems were measured after drying in an electric drying 
oven at 105°. The shoot length of all shoots of the mulberry field (1 are) was 


* Faculty of Technology, Tokyo University of Agriculture and Technology, Koganei, 
Tokyo, Japan. RRB LAM Hem 
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measured, after which five shoots with average shoot length were cut down for the 
dry weight measurement. The measurement was duplicated in 1953 and 1954 with 
similar results. As the check the growth process of seedlings (Morus Lhou) sown 
on June 18 was followed. Seeds were sown by broadcast sowing on a flat seed bed 
with adequate chemicals and barnyard manure. After germination, seedlings were 
thinned in the early stage. The distance of each plant was around 5cm. The 
sampling method was similar to that of “summer cut” mulberry. The measurement 
was done about weekly by which the sample seedlings were dug up as perfectly as 
possible and the dry weight of roots together with those of leaves and stems was 
determined. The measurement was also duplicated in 1954 and 1956. 

The dry weight of leaves, stems and roots (in the case of seedlings) per one 
shoot (plant) was converted to carbon amount by the carbon percentage of the dry 
matter estimated by Tiurin’s titration method”. The accumulative gross production 
(mg. carbon per one shoot or plant) was calculated from the leaf amount and daily 
gross production (mg. carbon per mg. leaf dry weight). 


Result and discussion 


First of all, the growth process of seedlings will be analysed. The measurement 
was commenced on July 2, 1956 and finished on November 19 of that year. From 
July 14 to September 1, the growth process of each plant part was hemilogarithmically 
linear (Fig. 1-A), so the empirical formula 

A=Ay,e# 
was adapted, in which A, and A are the dry weight of each plant part at the 
beginning and after ¢ days respectively and & is a constant. The formulae for 
leaves CF), stems (C,) and roots (C,) were 


F=1.00¢0-1172! ay 
Cy, =0.24€0-12061 (2) 
C,, =0.30¢ 0-162! (3) 


The carbon content of leaves, stems and roots was 41, 45 and 44% in oven dry 
basis, respectively. The dry weight calculated from above formulae was converted 
to carbon content and additively illustrated in Fig. 2-A. 

For the calculation of accumulative gross production (SP), daily gross production 
was integrated for the given interval, that is, from ¢,th to ¢,th day, thus 


sa 


12 F 
SPS ( pF, Madi —pe, (eta Sete 


— it 9 ? 
=p wi (€0-1172'2— e0-l17212) (4) 


in which p is the daily gross production of unit amount of leaf in carbon, and /, 
was 12 in this case. F, is the initial amount of leaves. 
The value of » was estimated from, (1) the daily march of illumination in 


Tokyo and her vicinity for fine days during July and August®),*), (2) the net assimi- 


June 1959 


lation amount of mature mul- 
berry leaves under light satu- 
rated condition”, (3) the nec- 


turnal respiration of mature 
leaf and (4) the dry weight of 
unit area of leaves in order 
to convert the net assimilation 
amount from area to a dry 
Weight basis. 

For the calculation of 9, 
the duration of photosynthetic 
activity was estimated as 11 
hours, nocturnal respiration as 
13 hours with the rate of 0.5 
me. CO,/50 cm.?/hr. 


dry weight of lcm.” of leaf 


The mean 
was 35mg. The values of p 
when net assimilation is 3,4,5 
and 6 mg. CO,/50 cm.”/hr. are as 
shown in Table 1. 

Substituting these / values 
in formula (4) the accumulative 
gross production for each value 
of net assimilation can be ob- 
tained. The time course of the 
accumulative gross production 
was also illustrated by broken 
lines in Fig. 2-A. 

Lastly, the accumulative 
respiration amount of stem and 
root was calculated from similar 
formulae as formula (4), put- 
ting the respiration amount in 
carbon for unit dry weight (7,) 


in place of p and initial stem and root amount (Cy, Cw») in place of F%. 
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Fig. 1. Dry weight (per plant) of leaf (), stem (C,) 
and root(C,) in the growth process of mulberry 
yearlings (A), and that of leaf and stem (per shoot) 
in the growth process of “summer cut” mulberries 
(B). Seeds were sown on June 18, 1956 in yearlings, 
and shoots of the previous year were cut down on 
May 21, 1954 in “summer cut” mulberries. In both 

cases petioles were included in stem. 


The 


measurement of r, was not done in seedlings, and the value was adapted from the 
measurement of mature mulberry, which was 100mg.CO,/50g. dry weight/hr. Here 


50g. dry weight roughly corresponds to 100g. of fresh weight. 


This respiration 


value may be somewhat larger than the actual value when compared with the data 


of Iwaki in Fagopyrum esculentum. 


The time course of accumulative respiration 


was also illustrated in Fig. 2-A in addition to F, C, and Cy. 
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Fig. 2.. Growth process of each plant part and accumulative gross 
production in the seedlings (A) and “summer cut” mulberry (B). 
In the case of “summer cut” mulberry the initial process was 
enlarged (B)’. Accumulative gross assimilation curves of a, b,c and 
d are based on 11 hours of assimilation with the rate of 6,5,4 and 
3mg. CO,/50cm?./hr. The symbols F, Ch, Cy and 7, are the carbon 
amount of leaf, stem and root, and the accumulative respiration of 
non-assimilating organs. 


Table 1. The values of gross production per unit amount of leaf (p) 
calculated from several net assimilation values (Seedlings) 


a. Net 


assimilation Cmg. CO,/50 cm.2/hr.) 3 4 5 6 
*b. Gross production (mg. CO,/50 cm.2/day) 26.5 Sao) 48.5 59.5 
**c, Gross production (10-2 mg. C/mg. dry weight/day ) 4.13 5.85 7.56 Ore 
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In Fig. 2-A the production side is the accumulative gross production and the 
distribution side consists of F+C,+C,,+r,. By this figure, 11 hours of assimilation 
with the rate of 6mg.CO,/50cm.2/hr. or thereabout can cover the distribution side. 
The net assimilation amount of most leaves of seedling in summer, likewise 
“summer cut” mulberry, attained 6-8mg.CO,/50cm.2/hr. under light saturated 
condition. Taking into account the weather condition, low activity of younger 
leaves, “afternoon nap” and mutual shading of lower leaves, the actual net assimi- 
lation amount in field condition may be somewhat diminished. So the supposed 
amount of 6mg.CO./50 cm.?/hr. or thereabout from the growth analysis of seedlings 
may be adequate. 

In the light of growth process in seedlings, let us turn to the same process in 
“summer cut” mulberry. The data of 1954 was used for calculation. Shoots of the 
previous year were cut down on May 21. The shoot growth from June 21 to 
September 2 was analysed. The linear relation between the time and the logarithm 
of dry weight of shoot and leaf has a bending point at July 30, so the straight line 
was divided into two parts (Fig. 1-B), thus for leaf 


from June 21 to July 30 F=160¢e°-0%2! ©) 

from July 30 to Sept. 1 F=1000e9-0432 (6) 
and for stem 

from June 21 to July 30 C,=70e?-0919 CA) 

from July 30 to Sept. 1 C,,=300¢8-%575: (8) 


Likewise seedlings, the dry weight of leaves and stem was converted to carbon 
amount and additively illustrated in Fig. 2-B. The growth process of roots was not 
measured. The seasonal and partial variation of stem respiration was measured in 
our laboratory in 1957.* A part of stem was cut and the cut ends and the base of 
petioles after detaching leaves were immediately sealed with sealing wax. The 
length of stem parts was chosen as long as possible for the measurement in order 
to minimize the influences of cut end. By this consideration, the stem length was 
in most cases 40cm., but in some unavoidable cases the length was somewhat 
shortened. The stem parts were then put in black coated glass tubes and immersed 
in a thermostat kept at 20°. The carbon dioxide evolved out of stems was measured 
by Boysen-Jensen’s apparatus. By continuous measurement the value steadily de- 
creased and attained a constant value at 5 hours after detachment, and this value 
was regarded as actual respiration amount. The values in autumn and early spring 
conformed well with that of Fraxinus measured by Miller’, that is, 5-8mg.CO,/ 
50g. dry weight/hr. In summer, remarkable variation was observed. The case of 
“summer cut” mulberry was illustrated in Fig. 3. The values on the whole were 


far larger than those of early spring and autumn, and rapidly decreased as the 


* Unpublished data. A part of the summary of this study was printed in the following 
literature. Honma, S. and Tazaki, T., Jour. of Sericultural Siecle (ot Wenoeha Ae Cane AW, Ne 
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Fig. 3. Seasonal and partial variation of stem respiration. (A) 
Seasonal variation of stem respiration in “Summer cut” mul- 
berry. a. upper part and b. lower part. (B) Partial variation 
of stem respiration on Aug. 23, 1957. a. “summer cut” shoot 
and b. “spring cult” Shoot, 
aging of the stem. So the values in upper young part were always larger than the 
lower old part. Considering the variations of respiration amount and the temperature 
in summer, the value of 100 mg. CO,/50 g. D.W./hr. was assigned for the calculation of 
accumulative respiration of stem from July to August. The accumulative respiration 
was calculated likewise seedlings and was additively illustrated in Fig. 2-B. So far 
the distribution side was completed except the carbon marterials used fer the 
respiration and growth of roots and stump, for which it will be referred afterwards. 
For the calculation of production side the daily gross production of unit amount 
of leaf (f) was calculated at first. The basis for the calculation was the same as 
seedlings except the dry weight of leaf which was 5mg./cm.? in “summer cut” 
mulberry. The values of » in different rate of net assimilation are as shown in 
Table 2. 


Table 2. The values of gross production per unit amount of leaf (f) calculated 
from several net assimilation values (‘summer cut” mulberry) 


a. Net assimilation (mg. CO,/50 cm.2/hr.) 3 4 5 6 


*b. Gross production (mg. CO,/50 cm.2/day) 26.5 Sao 48.5 59.5 

“*c. Gross production (10? mg. C/mg. dry weight/day) 2.89 4.09 5.28 6.49 
ot (=e) Sil Ose hs) AK C= b x —— X—— 
ax 3} c=bx 550 x ‘i 


By the same procedure as seedlings the accumulative gross production for each 
value of net assimilation amount was calculated and was illustrated by broken 
lines in Fig. 2-B. In this figure, 11 hours of assimilation with the rate of Smeg COs 
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20 cm.?/hr. can scarcely cover the distribution side during July and the rate of 
omg. CO, falls below the distribution side. Considering the various factors of 
diminishing net assimilation mentioned above, such a high rate as 6mg.CO, can 
hardly be realized in field conditions. Besides, it must be remembered that the 
respiration and growth of roots and stump were omitted in the distribution side. To 
date we have unfortunately no reliable data on the quantitative growth process in 
cultivated mulberry despite the long course of the study of mulberry culture. Only 
Takagi’) measured by “cylinder method” the total fresh weight of cultivated 
mulberry root (slender roots with diameter below 1mm. were omitted), being 7 kg. 
in a 10-year-old cultivated mulberry (Kairyo-nezumigaeshi). The date of measure- 
ment was not written in his paper, but by the photograph therein the season is 
conjectured to be summer. Assuming the water content to be 270% on oven dry 
basis, this root fresh weight corresponds to 1.9kg. dry weight. Also the standing 
crop of the above ground part in another 10-year-old “summer cut” mulberry was 
measured cn September 21, 1953 by the author. The fresh weight of leaves, stems 
and stump Was 2.35, 2.84 and 5.63kg. per plant, respectively. Assuming the water 
content of leaves, stems and stump to be 250, 250 and 100%, these fresh weights 
correspond to 0.67, 1.13 and 2.81kg. By above mentioned two measurements the dry 
weight of stump-+roct in a 10-year-old mulberry is estimated to be 4.7kg. The dry 
weight of stump-++reot at the planting of seedlings is commomly 0.3kg., so the 
growth in 10 years is 4.7-0.3=44kg. Under the assumption of linear growth, one 
year’s increment is 0.44kg. or 48g. per one shoot (9 shoots in one plant). This 
amount is the same order with the growth of leaves and stem in Fig. 1. Taking 
into account the above mentioned considerations it may be concluded that at least 
in the earlier stage of shoot growth after “summer cutting” the most efficient 
matter production as 6mg.CO,/50 cm?/hr. can not cover the growth and respiration 
of non-assimilating organs and so the carbon materials required for this process 
must depend upen reserve substances. Besides, considerable amount of leaves and 
new side branches develop before “summer cutting” from the shoots of the previous 
year. The leaf amount developed in this season was 55g. dry weight for one shoot. 
As mentioned in a previous report!) the photosynthetic activity before “summer 
cutting’ was comparatively low, so the dependence upon reserve substances is also 
indispensable for the growth before “summer cutting.” After exhausting reserve 
substances fer the spring growth, the shoots are cut down and the new shoot growth 
afterwards again requires reserve substances, which must be harmful for the phy- 
siology of mulberry plant. 

In the later stage of growth (from the beginning of August), the accumulative 
gross production remarkably increased and there arose the possibility of gross 
production to cover the distribution side. So the relation between production and 
distribution side is quite different from seedling. After the middle of September 
the growth of shoot stops (Fig. 1) and the assimilates may be reserved for the 


254 fi wm * M RH Ble B25 1959 #2 6 A 
growth of the next year. 


Summary 


The sprout growth of “summer cut” mulberry after felling was analysed from 
the relationships between the gross production and distribution of assimilates. The 
growth process of seedlings sown in early summer was also analysed as the check. 
The distribution side consists of the growth of leaves, stems, roots and the respiration 
of these plant parts except leaves. The growth was measured directly and the 
respiration was calculated from the CO, evolution of cut shoots. The production 
side is the accumulative gross production calculated from net assimilation and 
nocturnal respiration. 

In the summer growth of seedlings, 11 hours of net assimilation with the rate 
of 6mg.CO,/50cm.2/hr. can cover the distribution side, but in the shoot growth of 
cultivated mulberry after “summer cutting,” even such an efficient net assimilation 
as 6mg.CO,/50 cm.?/hr. can hardly cover the distribution side at least in the early 
stage of growth. In the later stage the accumulative gross production increased 
and there arose the possibility to cover the distribution side. High growth in 
comparison to gross production in early stage is the proof of dependence upon reserve 
substances. 


The author wishes to express his sincere thanks to Prof. M. Monsi and Prof. K. 
Hogetsu for their valuable advice throughout the progress of this study and thanks 
are also due to Messrs. B. Akiyama and T. Tamari who helped the experiments. 
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In the first work of this study, Oshima et al) (1958) have made a preliminary 
survey of the “dead trees strips (Shimagare) ” of Mt. Shimagare (2395 m. above sea 
level) in Nagano Pref., central Japan, and obtained much information on the structure 
of a “Shimagare” type of forest. Further survey re- ae ae aoe 
vealed that the occurrence of the dead trees strips was fs 38° 
not confined in Mt. Shimagare but a large number of 


similar phenomena, though of a small scale, were found we a, 
in the northern part of the Yatsugatake Mountains aio 
and in the Chichibu Mountains (Fig. 1), and that many beaks ° 
of these dead trees strips had the shape of a crescent. a, 34° 


Detailed investigation in the structure and the occur- 
; , ; ¢ Fig. 1. Map showing the 
rence in these regions of such dead trees strips will 2 ; e 2 
geographical location of 


be useful for the explanation of the origin of the the Yatsugatake and the 
Chichibu Mountains in 


“ Shimagare’”’ type of forest in Mt. Shimagare, and the 
central Japan. 


present study was conducted on this line. 


Dead trees strips in the North-Yatsugatake Mountains 


The map of Fig. 2 shows the locations of dead trees strips in the North-Yatsu- 
gatake Mountains. On the south-west slope (17°-24°) of Mt. Naka (2493 m.), there 
can be seen many dead trees strips of smaller scale, one of which showing three 
whitish stripes with two Forest Units (cf. also Oshima et a/')). A large number of 
dead trees strips are also found on the south-west slope (24°-31°) of Mt. Tateshina 
(2530 m.) and in other mountains. The slopes of these mountains are covered with 


* Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. 
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Fig. 2. Map showing the locations of dead 
trees strips in the northern part of the 
Yatsugatake mountain groups. 


Height 


Fig. 3. Profile chart of the vegetation at a cres- 
cent-shaped dead trees strip (2420 m. above sea 
level) in Mt. Yokodake. 


the subalpine coniferous forest, 
similar in Mt. Shimagare, and most 
of dead trees in these areas are 
Abies Veitchii and A. Mariesit. 
Many of these small dead trees 
strips have a characteristic shape 
of “crescent” of different sizes, 
and sometimes two or three of 
them combine into one forming a 
wavelike strips. In order to inves- 
tigate the structure of it, a line 
transect of about 30m. long was 
laid down along the south-west 
slope of Mt. Yokodake (2472 m.) 
across the middle of one of the cres 
cent-shaped dead trees strips (ca. 
2420 m. above the sea), of which 
convex part projects upwards, 1. e., 
to the north-eastward. Height and 
diameter breast high of all trees 
included in the transect were 
measured, and the results of this 
measurement are illustrated in a 
profile chart of Fig. 3. At the 
dead trees strip, of which width 
is ca. 10m., there exist a great 
number of growing seedlings of 
Abies tree. Descending the slope, 
these young growths increase 
their heights until their maxima 
of about 5m. are reached at 20m. 
downward from the upper end of 
the dead trees strip. This structure 
of the vegetation indicates that 
the dead trees strip will shift up- 
wards every year. The marked 
similarity of this profile chart to 


those of Mt. Shimagare (see the previous paper, Fig. 2) suggests that the crescent 
Strips may be the earlier stages of development of the long, conspicuous dead trees 
strip like those in Mt. Shimagare. Further discussion about this problem will be given 


later in the present paper. 
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Dead trees strips in the Chichibu Mountains 

The preliminary survey con- 
ducted, on the advice of Mr. S. 
Ichimura, in autumn of 1958 in the 
north-western part of the Chichibu 
Mountains has shown a rich ex- 
istence of the dead trees strips in 
Mt. Sanps (2483 m.), Mt. Kobushi 
(2470 m.), Mt. Tokusa (2469 m.) 
and in Mt. Karisaka (2289 m.) 
(Fig. 4 and Table 1.). The most 


prominent sight can be seen on 


the south-east slope (26°-38°) of 


Mt. Tokusa, where two or three Fig. 4. Map showing the locations of dead 
whitish stripes develop with many trees strips in the north-western part of the 

: pe; Chichibu Mountains. 

crescent shapes of dead trees strips. 

Characteristic shapes of the crescent strips are also found along the mountain ridge 
on the south slope (25°-36°) of Mt. Karisaka. Taking a wide survey in this mountain 
area, perhaps we shall find another dead trees strips in good numbers in other 


mountains than those mentioned above. 


Table 1. Dead trees strips in the northern part of the Yatsugatake and the 
Chichibu Mountains. 


Main 


Tree Species | Altitude (m.) | Slope 
Mt. Tateshina A. | Abies Veitchii 2300-2450 | S-SE  (17°-37°) 
| and A. Mariesi 

j B. | i | 2100-2380 | S-SW (24°-31°) 

Mt. Yokodake | : | Semaasptods | OrSw” caze-32%) 

Yatsugatake | wit. Amaike | “ 9250-2320 | S-SW (10°-28°) 
Mt. Shimagare “ 2250 =2895— | SV we ele Oa) 

Mt. Naka F | 2350-2480 | S-SW (17°-24°) | 
Mt. Inako | ” ) aanozessg 1 Sw iciaze20ey | 

| Mt. Sanpé : | 2360-2480 | S-SW (25°-34°) 

Mt. Kobushi 7 2300-2460 S  (28°-34°) 

Chichibu | ft. Tokusa | . 2100-2400 | S-SE  (26°-38°) 
Mt. Karisaka ? | 2100-2260 | S-SW (25°-36°) 


From the results of Table 1 and Figs. 2 and 4, we are able to conclude that the 
dead trees strips occur in general under the following common topographical con- 
ditions: 1) on the gentle south (SE-S-SW) slopes, and 2) in the heights of 2100- 


2500 m. above sea level. 
In connection with the problem of the slope exposure, a report by Yatoh” on the 
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occurrence of dead trees strips in Mt. My6jo and Mt. Chésen’ (1718 m.) in Nara Pref., 
is highly interesting, because he reported that dead trees strips of Abies Veitchii and 
A. Mariesii occurred also on the south-west slope of the mountains. But the reason 
why the dead trees strips in these mountains appear at such low altitude is not 
known yet. 

In relation to the reason why their occurrence is confined to the south slopes, wind 
and light seem to be very important as the climatic factors concerned. According to 
the meteorological data of Kitayama (about 10km. SW of Mt. Shimagare), south or 
south-west wind prevails throughout the year, with the results that the tall trees 
just upwards the dead trees strips on the south slopes are exposed to strong winds. 
So in this case, close correlation can be expected among the direction of prevailing 
wind, the direction which the slope faces, and the occurrence of the dead trees strips. 
As to the wind condition in the Chichibu Mountains we have no data at the present 
time. 

The effect of insolation may be also of importance for the occurrence of the dead 
trees strips. On the south side of a mountain, the direct rays from the sun will be 
able to pass through dead trees on to the area under the canopy of living trees upwards 
the dead trees strips, causing a rapid regeneration of young growth of Abies trees. 
For the formation of the characteristic structure of the “Shimagare” type of forest, 
therefore, this factor is quite possible to play an important role. 

As to the altitude of the occurrence of the dead trees strips, we will only point 
out here that it is within the upper part of the distribution range of Abies Veitchii 
(1636-2337 m.) and A. Mariesii (1965-2550 m.) in the Japan Alps®). 

It may be said as a conclusion that wind and light will work together to make 
such conspicuous phenomena, but further study will be necessary to give a satisfactory 
elucidation of the origin of these dead trees strips. 


Hypothetical process of development of the dead trees strips 


As shown in the previous sections, the dead trees strips can be said as the natural 
phenomena which occur in a wide scale in the subalpine coniferous forest of Abies 
Veitch and A. Mariesii. Now, we are here confronted with the problem how the 
long whitish stripes of 300-800 m. as in Mt. Shimagare were formed, and what relation- 
ship is there between such stripes and the crescent shape of dead trees strips. In 
order to give some solution to these problems, the authors have drawn a hypothetical 
diagram of development process of the dead trees strips (Fig. 5). 

As the starting point of the development, a number of small circles, 8m. in 
diameter, of dead trees were taken on the south slope, because the occurrence of such 
circles can be often observed in the forest of Mt. Shimagare, in the case when six 
or seven Abies trees died in groups. Yoshida and Yamanouchi?) have suggested that 
the dead trees strip shifts upwards on the south-west slope of Mt. Shimagare at a 
velocity of about 1.6m. per year. In the present case, the velocity at which dead 
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trees zone on the south slope 


moves was assumed to be 1m. 100 f 
toward N, 0.75 m. toward NNE and 
NNW, 0.5m. toward NE and NW, 80 
0.25m. toward NEE and NWW, 
and 0m. toward E, W and S. If 60 


the Abies trees remain standing 
for ten years after their death, the 40 
whitish zone formed by the dead 
tree’s trunks may havea shape of 20 


crescent after about 60 years, 


which is shown in Fig. 5 by the ap 
area with thin sclid lines 

ea th thin sclid lines. The | AGE. + 40m | 
most spectacular examples of such S 
crescent strip can be seen in Mt. Fig, 5. Hypothetical diagram of development 
Karisaka. In a case that several process of dead trees strips from the crescent- 


circles of dead trees occur at in- veo eee: 


tervals of ca. 40m. at the same altitude, these crescent strips will combine with each 
other to form a wave-like strip within 70-80 years after their start. In reality, on 
the south-west slope of Mt. Tokusa, a typical wave-like strip made of two or three of 
the crescent strips can be seen. Provided that the slope covered with the Abies forest 
is smooth and wide enough to give a large number of the crescent strips, a long stripe 
of dead trees, as seen in Mt. Shimagare, may be formed from such crescents in decades. 

On the other hand, at the site where an criginal circle of dead trees occurred, 
there is established the young extremely overcrowded growth of Abies Veitchii and 
A. Mariesii, which will continue their growth to mature and overmature trees, creating 
again the inner condition for their own death in groups. Therefore, it is not so 
unnatural to suppose that new circles of dead trees will occur again at the original 
sites within 100-120 years after the initial occurrence of the circle, and these new 
circles will develop into the long dead trees strips with the lapse of time. So it is 
quite possible on such long and wide slope as in Mt. Shimagare that several long strips 


of dead trees are formed by the repetition of this process. 


Summary 


Distribution of the crescent shape of “dead trees strips” was surveyed in the 
northern part of the Yatsugatake Mountains and in the Chichibu Mountains. 

The structure of the crescent shape of dead trees strip, which was investigated 
with the line transect method, showed a close similarity to those in Mt. Shimagare, 
suggesting that the former is the earlier stage of development of the latter. The 
occurrence of these dead trees strips was confined to altitude of 2100-2500 m. and on 
the south (SE-S-SW) slopes of a mountain covered with the subalpine coniferous 
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forest of Abies Veitchii and A. Mariesi. 
Some discussions were hypothetically presented about the development process of 
dead trees strips from the crescent-shaped ones. 


The authors should express their thanks to Prof. M. Monsi, Prof. K. Hogetsu and 
Mr. S. Ichimura for their valuable advice. Thanks are also due to Mr. T. Saeki for 
his kind help during this work. 
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On the Life History in Dictyotaceae 


I. Tetraspore-development in Dictyota dichotoma (Huds.) Lamour., Dictyopteris 
divaricata (Okam.) Okam., and Padina japonica Yamada‘. 
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Fig. 1. Germination of tetraspores in Dictyota dichotoma (Huds.) Lamour. 


A, B, C. Liberated tetraspores with a central nucleus and chromatophores 
surrounding the nucleus. D, E. The first segmentation forming two 
cells. A rhizoid develops in Fig.E. F. The second segmentation forming 
four cells. G. The third segmentation forming six cells. Jal, Wk, (Geren 
lings from aculture 24 hours old. J, L. Germlings from a culture 2 days 
old. In Fig. J, the end of rhizoid begins to protrude. K, N. Germlings 
from a culture 5 days old. In Fig. K the end of rhizoid becomes sucker- 
Shape, and in Fig. N one of two rhizoids is so. M. Germling from a 
culture 13 days old. Four rhizoids arise secondarily. O,P,Q,R. Abnormal 
germlings. (from fresh materials. 140) 
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Fig. 2. Germination of tetraspores in Dictyopteris divartcata (Okam.) Okam. 

A. Liberated tetraspore. B. The terminal protrusion developing from the body 
of tetraspore. C. The first segmentation forming two cells. A rhizoid develops. 
D, E. Germlings from a culture 24 hours old. The rhizoid develops further. 
F, G, H, Il, J. Germlings from a culture 2 days old. In Fig. F the apex of the 
body begins to project and the protrusion is cut off from the body in Figs. G, H, 
I, J. Two protrusions are seen in Fig. I and three in piso, fp K, L. Germlings 
from a culture 8 days old. M. Germling from a culture 18 days) oldy SIN ©: 
Germlings from a culture 11 days old. Note outgrowth of peripheral cells of 
the tubercle in all directions. In Fig. O the secondary rhizoids are seen. P,Q,R. 
Abnormal germlings. (from fresh materials. 140) 
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Fig. 3. Variation of liberated spores in 
Padina japonica Yamada. 
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Fig. 4. Germination of tetraspores in 

Padina japonica Yamada. 
A. Liberated tetraspore. B. The terminal 
protrusion developing from the body of 
tetraspore. C. The first segmentation 
forming two cells. D, E. Germlings with 
a rhizoid growing from the basal cell. 
F. Germling from a culture 4 days old. 
The apex of the body begins to project. 
G,H. Germlings from a culture 6 days 
old. The multicellular thalloid expan- 
sions and the septated filamentous rhi- 
zoids have arisen at opposite poles of 
the tuber-like structure. I. Germling 
from a culture 18 days old. (from fresh 
materials. 170) 
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Fig. 5. Germination of tetraspore mother-cells in Padina japonica Yamada. 
A. Liberated tetraspore mother-cell with a central nucleus and chromatophores 
surrounding the nucleus. B. Abnormal spore. C. Liberated tetraspore mother- 
cell with two nuclei. D. Liberated tetraspore mother-cell with four nuclei. E, F,G. 
The protrusion developing from the body of liberated tetraspore mother-cell. laleils he 
Liberated tetraspore mother-cells segmented simultaneously to produce a tubercle of 
8~16 cells. K, L. Germinating tetraspore mother-cells froma culture 2 days old. M. 
Germinating tetraspore mother-cell from a culture 3 days old. One of the peripheral 
cells of tubercle protrudes to give rise toathallus. N,Q. Germlings froma culture 
4 days old. Two rhizoids are developing at one pole or opposite poles. O, P. Germ- 


lings from a culture 2 days old. Three rhizoids are developing. 


R. Germling from 


a culture 14 days old. A well-developed thallus is derived from a tetraspore mother- 


cell. S. Germling from a culture 18 days old. T, U. Abnormal germlings. 
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>UTEFO 2 Mica 6nN4, Mis nic gaat 
fa FM lt, BPIFBROBE cid <, 2 
DDB ORR OWA 4 5, FOR, 
te HLILED 4S CRT, Wo tVICBRE 
RAS DNT 8~16 Offa 5 724A Ma wEd® 
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245NS, FLTHPMFD 5 ltp>roTLA 
OUR SARS 323, TCH POST HSE AM Hl D> {if 
HS SIRO RS 1 AE PRS 7e1G, 1, 2,3K Ew 
{ICA CIT, COMBAT MI BVSW4 CHS, 
COLDER, MHDS too 
RIF ICAMEL UTE’, FEE IT 
FER CRU 5 SHS La TARERAZOT, 
BM OOMFORAALBAZALE <HMRsns, 
J-JABORY LD 5 BOIS 8 MHSINAN 
HOR ICHU EL TU BREE CAH 31, HE, AB 
DTI EL CLI DK} , QOD WOB 
IZIND PMR Sv Y DRO MAB MDS b Hy 
Sa, COMAD> 5 (RR (HHS 4 °S UT HOD 
HINRROMIT, ENVAOE FITACOMADTER 
SMEWC, BRBAATE 1 WAS KON AT 
EDC, BINDREsKEDLERESNZA UPL, 
< OMILIND Fin ORR MD 52<45n, # 
Kok 8WOROBODS BHITOY SNRWO 
C, W2tkas—rOSyncytium: UTH-—ANH, 
— FRITH Dh C db S (RAHM DS PRE S 
So FRDEKRVFI FT RMVMONOBR IS, 8K 
BHr2TEIME UCD BRU L BASH 
So CIUCMUTA FF VFIONHMDWTE 
Mig § POOMFOREDTRAD LE Ru aNS] 
DB, RUST TROIS ) bE RB 
C, BSBHCOMFOROBOPD AMITCHE Pi 
DELIALFS. EORM(RARHH OMDS— ITE 
ESSEC, Ld b RMLIS LAS EMR BF, OARS Pik 
3A SMHS S 4 OH), COMMUTE AAA 
C75, LPl, MMe < 7 TH < JAA 
DPB ITRIO BUCH RS $< 3S BHAT 
KOC, COBTES & KH SEI O 
A OF ls5EBE—O OKA L UTTER BWTW 
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Robinson (1932) (x Taonia DPU4y af 4 , 
WE S 7c aa A 4 & BIT, PAR OY 
FAMSGITE > THRESH, AOR 
P65 2AY LOMB HZBE, Nb5lL-TD 
PRRITHE THA LIN TWAD, AEF OFT 
Cid OA EF OMAR OY TS ANS IEIT K > TRE 
SH4INLS, MHBawTeMWOBR IH 
CBR <, 2AD EOMRMeHT EOC, 1 
5 OMAR ISAAC LT, —ODRITHE 3 
THAEWS CERO, MHD SAS 
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SMO OMTFORAAZOC, HOOMFICMA mes niices, AACA B-RREDAKT 
FAMBPITENENHDBERSA, ENS5OM HASZOIC, PIMA WARTS > TOS ODS 
Syms el (CAB AR 2 {BHU oe ee Die ca COC EPS Fi VTVOMR, se 
34, Hida, MHUEAM FRM Cs, I6D5 MMCKLMENTOSL IIT, BARFIT 
IRA ICIS A PUEN BREE BE EUOOTH ee Cia h, MRT oIOTSIEO 

a° SR OWGHLISA BBR D TD eS. 
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Summary 


The germination of the tetraspore in Dictyota dichotoma (Huds.) Lamour., Dic- 
tyopteris divaricata (Okam.) Okam. and Padina japonica Yamada has been observed. 
It shows certain differences among three species. In Dictyota dichotoma the upper 
segment which is formed by the first division of the spore becomes the apical cell 
of the thallus. In Dictyopteris divaricata and Padina japonica the germinating 
spores first produce a multicellular oval body. Thereafter the oval body produces 
a projecting cell, which becomes the apical cell of the new plantlet. In Padina japonica 
a projecting cell is made, but in Dictyopteris divaricata 1~3 protrusions are produced 
at first and many later. 

The occasional liberation and germination of the entire sporangial contents were 
observed in Padina japonica. There are some differences in germination between 
tetraspores and liberated tetraspore mother-cells. Those differences are attributed 


to the fact that the liberated tetraspore mother-cell is the aggregation of four 
tetraspores. 
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Ein kurzer Bericht uber das Internationale 


Symposion fur Vegetationskartierung vom 23-26. 
Marz 1959 in Stolzenau/Weser, Deutschland 


1959 2 4.9 20 8 ft 


Eel BE fa PH Se RE" Internationale Ver- 
Vegetationskunde—Associ- 


einigung fiir 
ation intarnationale de phytosociologie— 
International society for plant geography 
and ecology. Prdsident Dr. W.C. De Leeuw 
in Leiden, Holland, Sekretaér Prof. Dr. R. 
Tiixen in Stolzenau, Deutschland O+/#iz 
& ARB HAM ITDLYTO Internationales Sym- 
posion ~3, 3 A 23 A~26 BitHic7 CT 4H 
Batt. 19 pHEMT AOMMAASICL 

DEA ei EMMICLIZD, BHOSECORK 
MELSROMRICOU CMON a Nic, Vs 
UCD TCOBRR ZSOLT 4 Symposion it} 
feo SUR eILBG is, 4 Ala 40 Mi CHK 
Psa 4) LO~ 12 WRU LOR MD 
DNC ORD 5A ES CHM LE RASH 
Xo UP} COMROMHD, 2-2» XAHTC 
aT CICRWU GAO F & BX Off LDU RRIT 
LY, FPHEDAT ES PHXOMHDCE<S, 
RS HEREOSBRICRROR eiROT, FR ew 
TUS BUR & a ah S tH MIC, 

DL RAMI TD Symposion (CDi CHG LIZ 
Wo COMBE THR C ODF OMIT 
BEN SDHC, <ta-ny NKEeAD 
tUiS HORDES THREE O— mips SC 
&IUMLCHS_ 


its LUNs 1. Grundlagen und Me- 
thoden der Vegetationskartierung, 2. Wis- 
senschaftliche Ergebnisse der Vegetations- 
Wirtschaftliche 
dungen der Vegetationskartierung ® 3 4p 

Micpij on, 4A 8.00—19.00 RObWea 
BIRO EARLY, KAM < fTixDNI, Heke 
Prof. Dr. Welten, Bern (Schweiz), Prof. Dr. 
Ktichler, Kansas (U.S.A.), Prof. Dr. Horvat, 
Zagreb (Jugoslawien), Prof. Dr. Schmit- 
hiisen, Karlsruhe (Deutschland), Prof. Drs 
Emberger, Montpellier (Frankreich), Prof. 
Dr. Matuszkiewicz, Warschau (Polen) (ick 
b Blade anc, 

fl 24 BB at Prof. Dr. R. Tuxenm Sym- 
posion OD B#HLFZMDSOBMEAICMWTS 4 Ait 
et: & UICHEAD FH IC D1) G, Schwickerath, 
Aachen O jitiii % B2U) > iCagpspdparvic. 

1 AE CAB HOF ZOMRDR & PIT fa 
EH DBE eye amITOVT, 1 AB#icpi2b 
bot 4eMicmMmsnic, t7rpb Kichler 
(U.S.A.) Scamoni (D.D.R.), Noirfarise (Bel- 


kartierung, 3. Anwen- 


gien), Horvat (Jugoslawien), Gaussen 


(Afrika) EUW Molinier (sthHie Og WANA E 
COWCHRL, HamditsCispNic, S5ITH 
 R. Tiixen JJ Trautmann, Lohmeyer, 


* PRR AEE Biologisches Institut, Staatliche Universitat zu Yokohama, Kama- 
kura. z. Zt. Bundesanstalt fiir Vegetationskartierung, Stolzenau/Weser Deutschland. 
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Walther, Wenzel 6 k4 -» fEXZASEHERU TSCA 
Bick 4BNCHI 4A, TRAE OM HEL TE, 
a DFE L ZORA, Hi 

4-H RAS AOMEMMOM S& HITOWT 
A OGeo einen mer ronEe S 
BIC OEM MO Typen Et OMAEBL 
“ws, Typen OF Sher LITO T ORR. 
SBItK< MEH MERITOW TR RB DD SA 
US 

Wee HS Lal 2 SEIT TIPLE NSE DEW 
et as 
h, Hani, FCT < le Vv. Humboldt 
1805-16 kU Drude ee iuan Brockmann- 
Jerosch 1907-34, Riibel 1912-39 Bick % [him 
Hiz Physiognomie (CLAHE, CHisMye 
MBX CEMUSZOC, AHH alc BA 
BCH. EB AMICE eae CAV§ SOT 
Ws, IU CH ABIONRITEORBe, Hic 
% DEE PS ibaarbetinic L < RAR U TWAT 
545d, tO 5M LORMAN ED, CCC 
Aas Nic, S5ICC OMI LT Stand- 
ortskartierung & Vegetationskartierung 
LOMRITOWT BE RBAICERUTS ZENO 
Hy 4 Ze BIC AL ait S AVITC 

MmbwtaD, Hr OFFICE ) Mrs Tw 
SUE, HAWES ORIAN HHH RY SER R 
Do hEAE Hh Mk, SRM OMAA CKenn- 
Arten, Trenn-Arten )—Assoziation #7e(k= 
OFS U & te EAL ee TMX ODS 4 5 
Gb BACHSS CUD Hand Fa ERS S TTC *, 

WBOCOT EMOTE, & S5SITMO Sympo- 
sion *¥ CICA RA MAICHEHIM 2 DEL, = 
OBRPRALESLWIC LH, 

BR 2DROMEHNORF NM Rit Tid 
Apinis (England), Major (U.S.A.), A.O. 
Horvat (Ungarn), Majovsky, Jurko (Tsche- 
choslowakei), Bertovié (Jugoslawien), 
Doing Kraft (Holland) 6(tk 4S shO#SAE 
LA ORBIT L 3 UEHU ODER DIES, 
mam S172, Zonneveld (Holland) tt, PIT 
FAN) Oia Fess OE ER © HAAE HOR & D Lie 
FICO CBR db SHER AiRo7z, SHA J. 


* COMMIS, 2-—a y NAM CIT CItDR ¢ 
té 10 Hip oBRABIZEAL—-RMLTUS, 
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Tiixen (CL AhMAEHNMe TAD) &UTO Alt- 
landschaft OME kU Schmithtisen (c 

kSEXOMRITE SHEMMOMNDHALS £ 
UBER -EAOFREICOWT, MROMT 2% YA 
OMAR RD 5 OBE aA 75 EIS ON 
is 

AADHEICOUT 8 RO BUDDS RE TCAVICS Te 
ct ARKOAWOSABE (BAH) CoV 
< % Emberger, Gaussen, Kichler, Barkman 
(Holland) 525, AAROFRKHEHE DTPSREE 7 
EICOVV CRD? b 720 

ERT RUA, FIYVACAH4MOs-—a 
y NO PBDEH L, ADR RODEA CU) 
Aitipppobsadsy, Rare rit, LRAT 
WS, UiktisoTAKORAEAITE 4 lal VARNIC 
123 THEM RAS, SRK HAN TOSZTEDS, 
Symposion #JF#OAROBReMLTRUSBH 
ee 

Fs SOR SH-EHI MIT L AHR MROMSE, 
SF, Baths LOHR ROtwWeE, Was- 
serwirtschaft te THR), WEL, Hixk) , 
Mik, ASR ee HER Zs Sioa eee 
Sept, salarianbirres ‘Frau A. Ma- 
tuszkiewicz (Polen), Long (Frankreich), 
Fukarek, Wraber, .Ziani  (Jugoslawien), 
Mraz, Samek (Tschechoslowakei), Wagner 
(Osterreich) de Boer, Tideman (Holland), 
Marschall (Schweiz) Meisel, Seibert, Frau 
Steubing usw. (Deutschland) (7 & b iil, 
aS NI, 

Bundes ministerium fiir Verkehr © Barz 
(LES ICHS ERY, 4 Y RHA 
OER, SECKRA VHEMBMAICRRULICK 
Bil ey, CODBOSRORE SWS 3 Lok 
ite 

Horvat ORC, COMBITA—u y NK 
Oe MRM PPRicsETsTLICSED, R. 


Tiixen Z#rHtyic Braun-Blanquet, Emberger, 


Horvat, Noirfalise Pawlowski © [AjHBQ/Em 
RAR AM S 17. 

Bl Rid, B41 ER OMS ASO 
Dil, HMAKEIED Dr. Offner AUDA 


* 4 VR, AAOMBDMDTikbn, A 
AD KD UCHR ITI AS 72H I FHE U 720) 
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eee FOWMARBITL DODCARNMDA DN 
ae Ro Litto TRAIICIZAR ERR ERI, > 
& 2 Wiz Bundesanstalt fiir Vegetations- (2 OTF OHEMEITH LW HDRIRS TAR CECH 
kartierung L OLRM UMORY. 3, 4 ao 
fis, FIA, SHARD Y ) FP KERILUD, Bite SIO CRU SHNIET Li, CARY 
TuE, 24, 7%) DABOMAR LE OHH EDT, HAR OMI BA al CICA IT TILT, 
WOKE 70m. OMIT OUT, AMBIT L Ge — SAE CHER OWIAHUE SYED Toe 
4 esulaeisids Emberger, Gaussen, Kiichler, W5TECHS, 
Molinier ick bmn. EMM, PSAAON FAC MICHiDN 
MADLORRHSI, AMD EA VHC, 2 BL DSMABAIS oe DCls7s 6, PARE AO 
WC7F YABCHRboNECLE A, CODAHO Ob, ORR, BRNICMIC HN 
BFP a — 0 y NKEICBEL, 2-2 yo SCH TUF HI as ZUTCOL DIT CHF 6H 
FRU CBUEITS 3 EEN AD 5 Pas A THK TREC S, BORE LISADHICART 4 3 
RW. DCHSCER, Bs MMs etontk, 
cM Symposion (i, HRABOBALUT 7e35, (© DO Symposion MFIs k OA AMS 
1S, HHOAKSW4O ok eee ANILTE LU, “Bericht iiber das Internationale Sympo- 
AUIS (CHE HH £15 BRAOMMSS ICs sion fiir Vegetationskartierung ” im Verlag 
END > > A RICH AD UIFbn, COR Engelmann, Weinheim (t##M@an4, 
Zusammenfassung. 


Das Internationale Symposion fiir Vegetationskartierung wurde von der Inter- 
nationalen Vereinigung fiir Vegetationskunde vom 23. bis 26. Marz 1959 in Stolzenau/W., 
Deutschland, als bisher gréBter pflanzensoziologischer KongreB durchgefihrt. Es ist 
daher angebracht, einen kurzen Bericht zu geben tiber einige Ergebnisse dieser 
Zusammenkunft der bedeutendsten Fachgelehrten aus dem Bereich der Vegetations- 
kartierung, die aus vier Erdteilen nach Stolzenau gekommen waren. Mehr als 40 
Fachvortrage und eingehende Diskussionen, die wahrend des Kongresses gehalten 
wurden, brachten einen so gut wie erschdpfenden Uberblick tiber den Stand der 
Vegetationskartierung, ihre Grundlagen und Methoden, ihre wissenschaftlichen 
Ergebnisse und ihre Anwendung in der Praxis der meisten Lander Europas und auch 
in Ubersee. 

Wir hoffen, da@ dieser kurze Bericht fiir unser Land, das in diesem Teilgebiet 
der Botanik weniger fortgeschritten ist als Europa, Anregungen zu geben und zum 
Fortschritt auf diesem Gebiet der Naturwissenschaft beizutragen vermag. 
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Troschin, A.S.: 
tibertragen von Werner Hopper. 
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Das Problem der Zellpermeabilitat. 
Mit 118 Abb. und 82 Tab. im Text. 396S. 
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HAN OE PEI HERA & UT “BEL” DIE BaD 
B2AGHN CS Mat Clit, BBR LAA COMA 
OLBEORBAM METS. CUTHKE ml 
fa t OMOMAO AMIS TC OO fare & REIT L 
5 CRESNSZEBAS. UPLERKMOES 
ILONT COMED Ub KBE CIE < KAD 
DMA zB T < HAS HI STEPS 
pkmotTst, €C CARN TR aIse X IT 
FRSMAMBITTE SN, RBA ESAS 
avs carrier hypothesis (Tragertheorie ) 
LZ ORRNTEOCHS9. UPULCINS fal 
IAPTE DFR DS HERE SVT) Trager £15 
IMAP BASTATHCLoC, PAGEO 
Reve o pegnadicg SOITLIEED CHS. 

$$ CICS titte OREMIe Fischer 6 ja fBIcH 
erates MAIC £ AMAORMIAHEE AAO 
BR CSNCWRLEAAZNS&THSZLEVUI CZ 
OF ATFTIxS 561 Lepeschkin, Fischer, Nas- 
sonow 5(Ck oa CHIN, HREBLAKLO 
HOME DEORE A DIT LTO 
@D “#4” (Phase) OHBe A TcT EMAL SC 
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OO no) on ae 
ZOU CAAA 75 at SAR oT ECH 
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ANE SEA HEIT BES DAO A MG 3 TU 
BM, & ITC OMOALRIN Re BO BRN 
BRPSSATOSAR CHER SnN4, 4S Tro- 
schin (SBIFEL = LV 7FI-—FOVT, = hE 
AT > —D DEH OMG LBA Cad > CRS 
(£1995 Hauer RBCHhN, ABLE OMIA 

Do BAIL-MORA AT &eVA— bh CHS 
¢€\.5 Oparin, Guilliermond, Makarow 4@ 
SAM eMC UT, MEF Are VA-— hie 
PADRE O BUH D6 & &#BL, ATE 
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ADSM DSITATarevN— hows 
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AAID £ SIC - TOMAS 2 MORRUT ALY 
EPS CURMAOAMIC-EOIL? 3 a THM 
4Ad>, ROT EPPA ar evNA—kEVLT 
OVER & HK E ORNS 7 D120, SAWHAO 
RE RAO TED & NK tL OOD 
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MMA Es TAKE < MASNS, CHHOD 3 
A+FeRBGUCH# als “Sorption” GNB)EXR 
DIF, Lepeschkin, Nassonow 5 Of % “ fm” 
Om CiNwad (Sorptionstheorie), ® 4.x 
iit & dt (Protoplasma-Theorie) LMA Gi 
Ae 

Tt AIA =WVOREBOD) VY AAR 
CU YA) P56) 7B eRRVIT 8 23s 0.075 
M/l. OBE CHAITRIRNA, Taide 
CA” LTS AI YARED ELOLBA 
Do MKOAY 7 AWE ® O01M/1. ITE SE 
iO) 7 Aw SITIBAL, 0.12M/l. & 74, 
COBO iis 0.45 M/1. (2iReBaat Fiz 
k4 “Ree” CHS, NKOW) DLBER 
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bDEDANKRBEUETCZIAIDAILEBALN 
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Bo EOE DO ITHMAOME ORD Obes 


Bis4 #1) 2D T.A. Bennet-Clark Aveae 
CUL,ANYYIN 4 THE Ae Hi. Bur- 
strém, 4 > BK hye PRA AtH J.J. Chinoy 
BL, DF THAR AR LZ, P. R. Gorham 
, FAVA EMSANE R. Ulrich Ake, 
FA) ThE BES & {i ge FLW. Went fhe, 
Sk OM MMMADARE UT K.V. Thimann 
ae, We B. Kok HEA2IC & b ABR S TSX EN 
2TSODTTWA,. COMBEM AHA SHA OFE 
PAE BEER Cis Bs OST HAE BL? Se) Di] D sete 
it), HAIER AOR INU AR OO A, Kr 
HRSA eM Se LITEYO, COP DE 
OUR ICHSTSZCLRAINCL, ERRILOL 
dK SICH RAMS MwA Cnternational 
Union of Biological Sciences, IUBS) (cB 
UT C OFS 2 i UT OFF BEES 4 OMT 
LOHK?, BHORW, BRKEWTILILTS 


274 Mw HM 
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Choline Sulfate Ester as Sulfur Source for the 
Growth of Fungi 


by Michiko ITAHASHI* 
RRA S*: GMORAOKD ORAM’ DTOI) LiMo ATW 
Received February 26, 1959 


The modes of metabolism of sulfur cmpounds in organisms are actually different 
from one to another. While, many plants and micro-organisms can grow up by 
taking only inorganic sulfate as sulfur source, animals must take S-containing amino 
acids for growth and maintenance. Inorganic sulfate taken up by micro-organisms 
and higher plants is changed into sulfate esters or other organic S-containing 
compounds. In the course of the reaction forming S-containing amino acids from 
inorganic sulfate, reduction of sulfate and combination of an inorganic sulfur 
compound with an organic compound should take place successively, although the 
whole reaction aspect has not yet been elucidated. 

Choline sulfate ester (CH,),N*CH,CH.OSO,- which was inferred by Raistrick 
and Vincent” to be an intermediate substance of sulfur metabolism, has been 
isolated by Woolley and Peterson” from Aspergillus sydouwt. 

In the previous papers®)®) it has been reported by F. Egami and the present 
author that choline sulfate ester is effective for the growth of Aspergillus oryzae 
as a source of sulfur. They have also recognized the production of choline sulfate 
ester from inorganic sulfate in the mycelium of Aspergillus oryzae by using S®*® as a 
tracer element. J. de Flines*) also identified choline sulfate ester in the mycelial 
extract from Penicillium chrysogenum. 

The present paper deals with the utilization of choline sulfate ester as source 


of sulfur in several kinds of fungi. 


Experiments and Results 


The synthetic media used are as follows: 


Solutions 


Basal Medium-1 (BM No. 1): One liter containing; 50g. of sucrose, 10g. of 


NH,NO,, 0.2 g. of KH,PO, and 0.01 g. of FeCl; (pH 9.9). 
Basal Medium-2 (BM No. 2): One liter containing; 80g. of sucrose, 2g. of 


* Aichi Gakugei University, Higashi-ku, Nagoya, Japan. BE PEE KES HBR 
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(NH,),HPO,, 2g. of KH,PO, 0.2 g. of CaCl, and 0.01 g. of FeCl,(pH 6. 8). 

Basal Medium-3 (BM No. 3): One liter containing; 40g. of glucose, 4g. of 
K.HPO,, 4g. of asparagin, 2g. of (NH,),HPO,, 0.2. of CaCl, and 0.01g. of FeCl, 
(pH 6. 6). 

Choline Sulfate Ester Solution: One liter contains 18.3 g. of choline sulfate ester 
(M/10) and 20.3g. of MgCl,-6H,O (M/10). 

Magnesium Sulfate Solution: One liter contains 24.6 g. of MgSO,-7H,O (M/10). 

The solutions are sterilized by steaming for 30min. on three succesive days 


and stored at room temperature until use. 


Culture Medium 


Each medium was prepared by mixing the above-mentioned stock-solutions in 
the following proportions: 
Medium-1 (M No.1): 


M. No. 1-CS 
BNEINOMMLP A. ohne me Oe cea acme nee eee eer ees 90 ml. 
Re SiMe CSIs SOMUNBIOIM Goocccecdochonousecgacbe 10 ml. (M/100) 
M. No. 1-SO,” 
INEGI aan sccesce ce otcuei gerne wt aes Tee «eee eee 90 ml. 
ee seat Stil fAteESOlUMNO Tit... shs stan panels einer ere 10 ml. (M/100) 
Medium-2 (M. No. 2): 
M. No. 2-CS 
Bo INGER Sone Seren cts Tne aoGa Mom cic oad ash oF 95 ml. 
Cholme sulfate ester colucronl 2) uk eke cee oes 5 ml. (M/200) 
Mo Non 2s,” 
ea DN O52 dot one eaters ood mean Roatan ethene emi eee oe 95 ml. 
Magnesiam sulfate solution <2...) .eenwuee suck eee 5 ml. (M/200) 
Medium-3 (M. No.3): 
IM. iNo. 3=CS 
be UN igs Bicester aac hes coun ecg A 0s WG ah ta dea oa a ee 95 ml. 
Choline sulfate, ester sol mio teeta meno enc. eee 5 ml. (M/200) 
M. No. 3-SO,” 
es IN O63 Gabe sa: Sade Pe i ea ee 95 ml. 
Magnesium sulfate: sonition  eigaemerene see eee smere 5 mil. (M/200) 


The medium (50 ml.) was accurately measured into a series of 300ml. conical 
flasks plugged with cotton, and sterilized by heating in flowing steam for 30 min. 
on three successive days. The flasks were then inoculated with a pure culture 
of the fungus to be tested, and incubated at 28° for a requisite period of days. 
‘The mycelium from each species was separated quantitatively by filtration on a_ 
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Buchner funnel, and was thoroughly washed with warm water. The mycelium was 
then dried to constant weight in vacuo and weighed. The filtrate and the washings 
were made up to a total volume of 50 ml., and analyzed by the methods described 
below. 

Ten ml. of the culture-filtrate were accurately measured into a beaker, and 
acidified with 2ml. of HCI (6 N); and 1ml. of BaCl, (10%) and 10 ml. of H,O were 
successively added. The vessel covered by a watch glass to lessen evaporation, 
was gently boiled for 20min. In the course of this treatement, choline sulfate 
ester was quantitatively hydrolyzed to produce a precipitate of BaSO,, which was 
weighed as usual. 

Table I shows the results obtained with six species of moulds belonging to 
Aspergillales. 

Each flask containing 50 ml. of M. No. 1-CS (or M. No. 1-SO,”) with a sulfate 
content equivalent to 16mg. sulfur/flask, was inoculated with a culture of the 
mould species to be tested. Figures in Columns 5 and 9, indicate, in weight of 
BaSO,, the quantities of organic and inorganic sulfate utilized by the mould during 
the incubation period (i.e., the difference between the amount of sulfate originally 
present in the medium and that remaining in the residual culture medium). 

The moulds used in this set of experiments included three species of Aspergillus, 
one species of Monascus and two species of Penicillium. The experimental results 
show that all the froms belonging to these genera readily utilize choline sulfate 
ester as sulfur source, giving a better growth as compared with that obtained with 
inorganic sulfate as sulfar source; the only exception being the case of Penicillium 
notatum. From the fact that in these moulds, inorganic sulfate ion was not detected 
in the residual culture medium when choline sulfate ester was used as sulfur 
source, it will be concluded that choline sulfate ester must have been absorbed as 


Table I 
5 *, oe as Utilization of | 2a >| . Utilization of 
S |/ck | > choline sulfate | TE | § 2 | inorganic sulfate 
a Sa [Soy . | aes, | CSIaT : ne. : 
ss es oN | tes] Ww | 
Organism e a= P| oe Sulfate #5 Sulfate 
oi | 3 Pen toe utilized | ,, | SS 5S utilized of 
b Obes oe & | CBas0;, me) ~ Nee cane © es 
| & a A, 3k ise as 
5 Se | flas ) . a & bre a 2 al 
Aspergillus niger | 4407 | 375 9 12 | 10.3] 370) 9 5 4,3 
Asp. sydowi 4402 | 895 ) 100 | 86.0!) 795 | 9 45 38. 8 
| é | | : 
Asp. oryzae** | 670 6 3 | 31.9 | 660 | 6 25 sai 
Penicillium notatum | 4640 510. Il 20 | WA) tafays | 11 30 | AB, 
P. chrysogenum 4626 690) 11 | 25 215-5 | 550 | 11 36 | oylly,,(0) 
Monascus purpureus | 4513 632 | 14 12 | ONS | 550 14 9 fot 


* Obtained from the Institute for Fermentation, Osaka. (Table I—IV) 


** Obtained from the Faculty of Science, Nagoya University. ; 
Initial amount of choline sulfate (or inorganic sulfate) in each flask; 116.5 mg. (on BaSO, basis) 


eS ff Se tty 
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such, i.e., without previous hydrolysis. 

Table II shows the results obtained with two species of Neurospora belonging 
to Pyrenomycetes and several other species belonging to Fungi Imperfecti. Each 
flask containing 50 ml. of M. No. 2-CS (or M. No. 2-SO,”) with a sulfate content 
equivalent to 8mg. sulfur/flask, was inoculated. This group also readily utilized 
choline sulfate ester as a sulfur source and showed again a growth similar to that 
observed with inorganic sulfate as sulfur source. For every mould examined, 
except for Alternaria tenuis, no inorganic sulfate was detected in the residual 
medium which had initially contained choline sulfate ester as sulfur source. In the 
case of Alternaria tenuis, 39.2% of choline sulfate ester and 26.8% inorganic 
sulfate ion found in the residual medium. This probably means that 34 % of 
choline sulfate ester was absorbed and 26.8 % of the remaining (66 %) was hydro-- 
lyzed by the mould. 

Since it seemed very likely that Alternaria tenuis would utilize as sulfur source 
the sulfate ions liberated through hydrolysis of choline sulfate ester, another experi-. 
ment was made to check this point. A number of conical flasks (500 ml.) containing 
50 ml. of M. No. 2-CS were inoculated with Alternaria tenuis and, after incubating 
at 28° on a shaker for five days, the suifate remaining in the medium was deter- 
mined. In this case, contrary to expectation, no inorganic sulfate ion was found in 
the residual medium, although this was a consumption of 15% of the choline 
sulfate ester added. 


Table II 
ee a) | > Utilization of ae a Utitigasion of 
Zz | tH |e >) choline sulfate | 7 & | §® | inorganic sulfate 
} wii) Sean ee. deities. cea tiers Ae a gue t: 
Organism we ee ple Sulfate | oo ae) oultiace 
© |45\38 utilized silt literals utilized sf 
S |-32 | 8% | Bas,mg/| ” | 5 o | © § | (BaSO, mg.) “ 
Boh ed Ls Rese ee flask) = = oy flask) 
Neurospora crassa Gl78 |" 93 8 | SW A ad IAL 8 (eel: | 12.2 
N. sitophila 6070 | 298] 8 62 MO74] e358 lee |e ee 
Alternaria tenuis 4()26 347 9 19.7 | 34. 0) | 750 9 | 193 | 33. 3 
; ; | | . Uv 
Botrytis cinerea 5964 | 934| 9 Wik UNG) 051. S656 18 Oak ow iran 29.5 
Fusarium solani 5893 | 420| 8 8.1 | 13.9) 386] 8 | 8.2 14.1 
Oospora lactis 4597 | 528 8 6.6 (ils a 390} 8 | 6.4 TAG 
- | ; 
Pullularia pullulans | 4464 | 725 8 AG | 2545S S685 LS | 5.8 10. 0 
| ; i 
Trichothecium roseum| 6157 | 195 9 6.2 10.7;| 250} 9 | 12.6 21,8 


58.2 mg. (on BaSO, basis): 

Table HI shows the results obtained for six species of yeasts. Each flask: 
containing 50 ml. of M. No. 2-CS (or M. No. 2-SO,”) with a sulfate content equiva- 
lent to 8mg. sulfur/flask, was inoculated from a culture of yeast to be tested. All 
the organisms of this group, with only one exception, did not practically absorb. 
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choline sulfate ester and, moreover, they often showed certain sign of incomplete 
growth as compared with that observed in normal medium. Hansenula anomatla, 
however, absorbed 20 % of the choline sulfate ester given as sulfur source and 


showed greater increase in dry weight than that obtained in normal medium contain- 
ing inorganic sulfate (M. No. 2-SO,”). 


Table III 
Sy teagan Utilization of =| P| _p|_ Utilization of 
Za = eo | S > choline sulfate Ss IS > inorganic sulfate 
D8 (este. | sis 38 | So a 
. Lan} in oe ran ey < | Oo” WY a 
Organism Bas (tec, peau, Sulfate eevee § = sulfate | 
S28 leo powtlized | Wie ee antiized® |) 
= |: 2 | S= (BaSO,mg./ ae | =O | = \(BasO, mej)” 
‘cel oe = flask) = i a, flask) | 
Saccharomyces 0209 | 2 4 0.8 negligible 116 4 4.4 | AG) 
cerevisiae | 
Saccharomyces 2113| 140| 4 ore. (|) Sere 7) aR We ae Oa? 
Strain XII | | | | 
Hansenula anomala 4540 | 218 5 ike 3} | 19.5 154 B: | 5. 6 7 
| | | ies 
Schizosaccharomyces | (353 8 5 0.9 negligible, 42 S| 5.8 10. 0 
octosporus | 
Zygosaccharomyces 0219 55 5 OOF uw | 96 5 a, 9.3 
mar xianus | | 
Candida tropicalis 0618 | 145 4 ie | “ | SSO eae | 4.6 7.9 
var. japonica | | 


Initial amount of choline sulfate (or inorganic sulfate) in each flask; 58.2mg. (on BaSO, basis) 

Table IV contains the results obtained for five species of moulds belonging to 
Phycomycetes. Each flask containing 50ml. of M. No. 2-CS (or M. No. 2-SO,”) with 
sulfate content equivalent to 8mg. sulfur/flask, was inoculated and incubated for a 
requisite period of days. Of the members of this group, only Rhizopus oryzae 
utilized choline sulfate ester as sulfur source and showed favorable growth. Rhizopus 
nigricans and Mucor mucedo did not utilize the ester and the growth in CS-medium 


insignificant. Phycomyces and Absidia failed to grow even in normal medium. 


Table IV 

= es ate a Utilization of | ae | “~ | Utilization of 
yw joe | os choline sulfate OE] § » inorganic sulfate 

o fas) es Meoae=t) ee 

Organism cece) po ee = Sulfate | | . Hl A~ | Sulfate 
| (pee pes nn utilized | P | ae 58 utilized a 
|S |28 | 8% (BasOme/ 4 | 28 | 85 (BaSOyme/) ” 
5 = a a flask) he a a,| flask) | 

- ¥eira = r 7 | al a Tihs met a 7? ou FiGpa eas 

Rhizopus nigricans 5411 60 8 | O55 ee 207) 5 | 4.7 8.1 
Rhizopus oryzae 4746 | 300 9 ono 9.5 | 337 | 9 9.2 15.8 
Mucor mucedo | 5776 58] 8 0.6 negligible’ 134) 8 | 4.5 Tests) 
Phycomyces nitens 5694 90 9 0.4 | 1 | 98 | 9 | 4.2 ee 
Absidia glauca 4002 | 45 9 eB ben fecBB fund if 08:0 5.2 


Initial amount of choline sulfate (or inorganic sulfate) in each flask; 58.2mg. (on BaSQ, basis) 
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Table V shows the results obtained for four species of Basidiomycetes. Each 
flask containing 50ml. of M. No. 3-CS (or M. No. 3-SO,”) with sulfate content 
equivalent to 8mg. sulfur/flask, was inoculated. None of this group ever utilized: 


choline sulfate ester. 


Table V 
ee A aratearion of ~a | >| Utilization of 
, ow a) F Westra ||) tes Olle ues 
| ssits} | Bs | choline sulfate cA | § > | inorganic sulfa 
se ES. 35 | 38 : 
Organism*** hee | 2. | sulfate | emis a Sulfate | 
it | bo | tilined.e i” ly £5 /88| utilized | 4 
‘so | SE (BaSO, mg./ a oO Mera Bas Mes 
Pe sk & | as 
Pe) oe ess ae eee 
Polystictus hirsutus 140 13 0.5 negligible 115 13 | Woees ee 
Fomes fomentarius (| tes 0.4 1 50 13 | 8.3 14,4 
Schizophyllum commune 56 13 OR MW 36 13 4 ae 8. 0 
3 5 ip 65 pails 9.2 15.8 


Pleurotus japonicus Kawam.| 83 13>} 0. 


Obtained from the Faculty of Agriculture, Gifu University. 
Initial amount of choline sulfate (or inorganic sulfate) in each flask; 58.2mg. (on BaSO, basis) 


KKK 


Discussion”? 


As is generally known, most micro-organisms are capable of utilizing inorganic 
sulfate as sulfur source. Cowie et al.” considered that, for the case of Escherichia 
coli, SO,” absorbed by the organism is reduced to SO,”, prior to the ensuing conver- 
sion into organic S-compound. The reaction scheme assumed by these authors is. 


as follows: 


SO,’——SO,”—> cysteine > homocystine——>methionine 


protein protein 


In the present study, it was revealed that among twenty-nine fungal organisms 
examined, six belonging to Aspergillales, two belonging Pyrenomycetes together 
with six Fungi Imperfecti are capable of utilizing choline sulfate ester as sulfur 
source. With other organisms, including five species of yeasts, four Phycomycetes, 
and four Basidiomycetes, the results were negative in this respect. 

The above-mentioned positive results suggest a possibility that choline sulfate 
ester represents a normal intermediary of sulfur assimilation in these organisms, 
especially when we remember the fact that the substance has been identified as a 
normal constituent of certain fungal organisms?))®), Although a sufficient body of 
evidence has not yet been obtained concerning the precise mechanisms of the 
process involved, the above-described finding with Alternaria tenuis, will be of special 
interest in this connetion. In one experiment with this mould, a certain quantity 
of sulfate ion arising most plausibly from partial hydrolysis of choline sulfate 
ester, was detected in the residual culture medium, while the result was negative 
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in this respect in another experiment performed with the same organism. The 
discrepancy between these two results may be due to the differences in the relative 
levels of activity of the organism in hydrolyzing the ester and absorbing sulfate 
ions, as influenced by cultural conditions. In fact, the former experiment was 
carried out with an ordinary flask culture, while the latter was done with a shaking 
culture of the same organism. A detailed study pertaining to this point is being 
carried out. 

Most of the yeast species examind in this study, including two Saccharomyces, one 
each of Schizosaccharomyces, Zygosaccharomyces and Candida, showed no utilization of 
choline sulfate ester in the course of metabolism (see Table III). Accordingly, 
choline sulfate ester does not appear to be an intermediate substace of metabolism 
for the sulfur assimilation reaction in these organisms. However, Hansenula anomala 
which is taxonomically closely related to Saccharomyces*), not only absorbed the 
organic sulfate ester, but showed much better growth compared with the case in 
which inorganic sulfate was given as sulfur source. This fact suggests that there 
must be some yeasts in which choline sulfate ester may be an intermediary meta- 
bolite of sulfur assimilation. 

Table IV contains the results obtained for five species belonging to Phycomy- 
cetes. For Mucor mucedo, Phycomyces nitens and Absidia glauca did not utilize 
choline sulfate ester as sulfur source but, in Rhizopus oryzae about 9% of choline 
sulfate added was consumed with a fairly abundant growth. Rhizopus nigricans, 
on the other hand did not utilize the organic sulfate ester. 

It may be inferred from these findings that the capacity for utilizing choline 
sulfate ester is not limited to the class of Ascomycetes, in which the substance 
has been discovered as a normal constituent, but is of more or less common occur- 
rence also among Phycomycetes and Fungi Imperfecti, in which the production 
of the substance has not yet been reported. 

It may be of some interest to note in this connection that all of the four higher 
fungi (Basidiomycetes) examined in the present study showed more favorable 
growth in the presence of choline sulfate ester (M. No. 3-CS) than in the sulfate 
medium (M. No. 3-SO,”), although there was no appreciable consumption of the 
added choline sulfate ester during the incubation period. This fact seems to 
indicate a possibility that choline sulfate ester may be playing the role of a growth 
facter in Basidiomycetes, although the final decision must await further investigation. 


Summary 


The utilizability of choline sulfate ester as sulfur source was examined in 
twenty-nine fungi belonging to the following Classes: Phycomycetes, Ascomycetes, 


Basidiomycetes and Fungi Imperfecti. 
Choline sulfate ester was found to be utilized as sulfur source in Aspergillales, 
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Pyrenomycetes and Fungi Imperfecti. In some cultures with Alternaria tenuis an 
accumulation of certain amounts of sulfate ions in the residual culture medium was 
detected: 

No utilization was revealed in yeasts: (Saccharomyces, Schizosaccharomyces, Zygo- 
saccharomyces, Candida), a single exception being Hansenula anomala which consumed 
the substance to give a fairly abundant growth in its presence in the culture 
medium. 

Choline sulfate ester was not utilized in the Phycomycetes species studied 
(Rhizopus nigricans, Mucor, Phycomyces, Absidia), with the single exception of Rhizo- 
pus oryzae, which utilized the substance to show a fairly good growth in its presence. 

All the Basidiomycetes species examined did dot appreciably consume choline 
sulfate ester but all of them showed enhanced growth in the presence of this 


substance. 


In conclusion the author wishes to express her sincere appreciations to Prof. F. 
Egami (University of Tokyo) and Prof. T. Mori (Nagoya University) for their kind 
guidance throughout the investigation and for their kindness in reading the 


original manuscript. 
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On Streptomyces massasporeus nov. sp.*** 
by Ryuji SHINOBU*** and Mineko KAWATO*** 


fa Abia ** + ||P f***: BFE Streptomyces massasporeus ICO. T 


Received Murch 5, 1959 


The strain, No. 602, isolated from the soil collected at Doro, Wakayama Prefec- 
ture in October 1957, was identified to be a new species when compared carefully 
on the morphological and physiological characteristics with the species described 
so far, and it was named ‘Streptomyces massasporeus nov. sp’. The characteristics 


of this species will be given in detail in the following. 


I. Morphological Characteristics 


Czapek agar, ammonium Czapek agar, glucose asparagine agar (Krainsky’s), Ca- 
malate agar, starch agar (Waksman’s”) and Masumoto’s’)), and glycerine starch gluta- 
mine agar"), etc. were used for the mor- 
phological observation. For the micro- 
scopical study, glucose asparagine agar 
was mainly used, because more aerial 
mycelium was formed on this medium 
than on the others, showing its charac- 
teristics of the aerial mycelium, for 
example, typical spirals. For the pur- 
pose of observation, colonies were in- 
cubated for 5-10 days in 28-30". 

1. Macrocolony 
Chrysanthemum pattern on giucose 
asparagine agar as seen in Photo. 1. 


‘2. Microscopical observation 


Aerial mycelium: Branching, mono- ers 
podial; Anitella type whirls) and 
tufts were occasionally seen, though 


Photo. 1. Macrocolony, incubated for 20 
days in 28-30° on glucose asparagine agar; 
they were not remarkable; the Chrysanthemum pattern. 


width of the aerial mycelium, about 


-* The outline of this study was already reported at the 23rd General Meeting of Botan- 


‘ical Society of Japan (1958). 
** As for the descriptive method of species, that of Shinobu’s method!) was adopted. 


*** Hirano Branch, the Osaka University of the Liberal Arts and Education, Osaka, Japan. 
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0.8 uw. 

Spiral: Numerous; compact and short (2-3 turns) and loop-like spirals were 
comparatively dominant; sometimes long and compact or long and loose spirals 
(5-6 turns); seldom irregular one; diameter of spirals, usually 3-4 #; sinistrorse. 
Conidia: Spherical or elliptical; about 0.8 4 in length. Conidia formation began 


in 2-5 days’ cultivation. 


A B 


Photo. 2. Spore mass formation, incubated for 8 days on glucose asparagine agar. 
A: Spore masses B: Magnification of spore mass 


Many spherical masses of spores could be seen in the colony as shown in Photo. 
2. Spore mass formation was remarkable on glucose asparagine agar and Ca- 
malate agar; but not remarkable on the other media. 

Diameter of spore masses: 3-4y at the least; the larger it became, the more 
irregular it shaped. 


II. Physiological Characteristics 


Tyrosinase reaction: Positive and remarkable. 
Nitrite production: Positve on modified synthetic solution. 
Diastase reaction by the iodine test: Weak—moderate. 

3+2mm. on glycerine starch glutamine agar). 


Enzymatic zone: oe " pincubated for 
642mm. on starch agar (Waksman’s A) 7 days. 


Konjakmannase reaction: Weak. 


Utilization of C-sources: Xylose, rhamnose, sucrose, fructose, raffinose, mannitol! 
and lactose were utilized. 
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II. Cultural Characteristics 


ra Nae RS 3S growth of colony. 

Natex. 1 ee ee formation of the aerial mycelium. 
Shee ee ne eee color of the aerial mycelium. 
fo Coe enn eae production of the soluble pigment. 


Ammonium Czapek agar 
G: moderate—poor; thin. 
A: spur—none; only at the margin of the colony; brownish white. 
S: pale yellow orange—pale yellow orange with pinkish tinge. 
P: none. 
Glycerine Czapek agar 
G: good. 
A: good; sometimes poor; purplish gray—pale purple. 
S: deep purple—brown purple. 
P: pale purple with brownish tinge—pale brown. 
Glucose asparagine agar 
G: good; sometimes intruded deep into medium. 
A: good; light purplish gray—pinkish gray—reddish gray. 
S: dull red purple—dark red purple. 
P: pale grayish red brown—pale dark red purple. 
Ca-malate agar 
G: good—moderate. 
A: good—moderate; somewhat thin; pinkish gray—light purplish gray. 
S : brown purple—grayish red purple—brown. 
P: uncertain; very pale brown, if any. 
Starch agar (Waksman’s A) 
G: good—moderate; somewhat thin. 
A: moderate; sometimes poor; pinkish gray. 
S: grayish purple—pale dull purple. 
P: uncertain; very pale grayish purple or pale dull pink, if any. 
Starch agar (Masumoto’s) 
G: good; intruded into medium. 
A: moderate; somewhat thin; Rose Dust—pinkish gray. 
S: dull red purple—red—dull red; sometimes intruded mycelium showed 
vein-like growth on account of the production of red or dull red pigments. 
Pi pHone: 
Urea glycerine agar” 
G: good. 
A: moderate—poor; partial; sometimes only at the upper side of the colony. 


S : brown purple—brown. 
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P: uncertain; probably, none. 
8. Glycerine starch glutamine agar 
GG. cood: 
A: good—moderate; sometimes partial; light brownish gray—pinkish gray— 
purplish gray. 
S: brown purple—grayish purple. 


P: pale brownish purple. 


IV. Consideration and Conclusion 


To summarize the results of the morphological observation, the branching of 
this strain was generally monopodial; but Anitella type whirls and tufts were occa- 
sionally seen on the aerial mycelium, though they were not remarkable. Many 
various kinds of spirals were formed on glucose asparagine agar and other media. 
Sometimes, two or three spirals touched, or tangled with, each other at the ends 
of spirals as seen in Fig. A and D. This strain produced a quantity of tiny drop- 
lets on glucose asparagine agar and on other media as the aerial mycelium grew, 
and showed so-called ‘wetted type’. Spores had a tendency to diffuse easily. Spores 


A | B 


Fig. Sketch of spiral and spore mass 


A: Ordinary spirals and tangled ones. 

B: Spore mass formation. 

C: Special conidia formation could be seen also on the skirt of the colony: 
though seldom. 

D: Magnification of spore mass formation after tangling of spirals. 
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at the neighborhood of droplets were secondarily formed into a mass of spores due 
to the surface tension of droplets, and showed a remarkable characteristic as shown 
in Fig. B. The larger the mass of the spores grew, the more difficult it became 
to keep its spherical shape, and at last it touched the substrate or other droplets, 
and expanded irregularly. 

Now, besides the media described above, many media, i.e. egg, carrot, potato, 
Bouillon, broth, gelatin and milk etc. were also used for the study of the physio- 
logical and cultural characteristics. These characteristics were summarized as 
below. 

As this strain produced water soluble and brown pigments on most of organic 

edia, though some of them showed purplish or reddish tinge, this was one of a 
“Chromogenus species’). Moreover, considering the colors of the aerial mycelium 
which showed purplish—pinkish on many media, the authors would like believe 
that this strain belongs to ‘ Streptomyces lavendulae Group ’”®). 

On Masumoto’s starch agar, the substrate mycelium intruded deep into the 
medium, and produced insoluble red pigment. It accumulated partially in the sub- 
strate mycelium and looked like a blood vein on observation through the test-tube, 
which was a remarkable characteristic. When these characteristics mentioned above 
are compared with those of the species®»” reported so far, following three species 
prove to resemble each other. 

Str. lavendulae (Waksman and Curtis) Waksman and Henrici®) . 

Str. virginiae Grundy, Whitman, Rdzok, Rdzok, Hanes, and Sylvester’. 

Str. venezuelae Ehrlich, Gottlieb, Burkholder, Anderson, and Pridham'))» . 

Str. venezuelae does not form any spiral, while No. 602 forms many of them. 


“s 


And there can be seen many differences of cultural characteristics between No. 602 
and Str. venezuelae. Consequently, No. 602 is one species and Str. venezuelae is ano- 
ther. 


Table aS 
ee oS sj Sieg Gee Pretnerone of ole pigment 

Medium Strain No. 602 SH aenaniae 4 Str. _ virginiae 7 
Synthetic agar | i “ee ae | os = 
Glucose asparagine agar s| i — | ry ; 
Nutrient agar at + at. ain 8 j i 
Glucose broth ‘ ay | —* —_— + ms 
Nitrite » production . it, positive d- positive moderated 


* The type cultures of Str. lavendulae and Str. virginiae used ae the comparison is 
No. 602, were given by Institute for Fermentation of Takeda Pharmaceutical Co. and 
Shionogi Pharmaceutical Co. and they showed positive results in the author’s experi- 
ment, though negative in the original description®), 1"). 
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Next, the differences of cultural and physiological characteristics between No. 
602, Str. lavendulae and Str. virginiae, are shown in the table. 

Moreover, neither of Str. Javendulae and Str. virginiae produced any spore mass, 
nor showed any vein-like growth. According to the experiments stated above, No. 
602 was decided to be anew species and it was named ‘Streptomyces massasporeus’. 
The specific epithet means that this species forms many spherical masses of spores. 
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In the egg cell of conifers, a kind of peculiar cellular organelles was found in 
the cytoplasm by Hofmeister!) and they have been called with his name, ‘‘ Hofmei- 
ster’s bodies”. About the nature of these structures various opinions have been 
presented by many investigators. These opinions may be ranked in following two 
lines: the first is that these structures are derived from the nuclei of jacket cells 
(Goroshankin”, Arnoldi») etc.), and the second is that they are a type of vacuoles. 
The latter, however, has been rather more generally accepted. Also, Strasburger) 
called them “ proteid vacuoles”, observing the coagulated artefacts of them by alco- 
hol. Furthermore, Stopes and Fujii») reported that these structures contained pro- 
teins and took part in nutrition of the egg cell. Also, Ferguson" called them 
“nutritive spheres”. 

In this paper, the cytochemical studies on the proteid vacuoles of the egg cell 


of Pinus thunbergii are reported. 


Material and Methods 


The cones of Pinus thunbergii Parl. pollinated in the previous year were collected 
from the field of the Faculty of Science of Nagoya University from the middle to 
the end of June in 1955 and in 1956. 

The ovules taken out from the cones were fixed in the following fixatives: 
Telyesniczky’s, Bouin’s, ethanol-HgCl, (50% ethanol 100 ml., glacial acetic acid 10 ml. 
and mercuric chloride 8 g.), 10% formalin and ethanol-formalin (absolute ethanol 90 
ml., formalin 10 ml. and glacial acetic acid several drops). After fixation the ovules 
were dehydrated through a graded series of ethanol and were embedded in paraffin 
by usual method. Then they were longitudinally sectioned at a thickness of 10 p. 

Heidenhain’s iron-hematoxylin, toluidine blue or methyl green-pyronin were used 
for staining. Lillie’s method was employed for staining polysaccharides in general 
(Lillie?). Iodine-potassium iodide solution was applied to detect starch. For staining 
proteins, ninhydrin-Schiff reaction (Yasuma and Ichikawa’), Serra’s method for ar- 
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ginine and arginine-containing proteins (Serra”)) and Millon’s reaction by Bensley’s 
prescription (Lison’)) were employed. 

On some of the cones, centrifuge treatments were carried out. After centrifu- 
gation at 1000g¢ to 1600g for 30 minutes, the ovules were taken out from the cones 


and fixed by the above-mentioned fixatives. 


Results 


Before fertilization. 

In the central cell, shortly after the neck cell has been cut off, there is a little 
amount of cytoplasm, for many vacuoles (in general sense) of varying size are oc- 
cupying nearly all parts of the cell. While the cytoplasm increases more and more, 
the vacuoles (in general sense) begin to disappear from the lower and the peripheral 
parts of the cell. At first the cytoplasm is seen to be uniform and is stained faint- 
ly with ninhydrine-Schiff, Millon’s and arginine reactions and Heidenhain’s iron- 
hematoxylin. With the disappearance of the vacuoles (in general sense), a few 
granular organelles appear from the lower and the peripheral parts or sometimes 
among vacuoles (in general sense) in the cytoplasm (Fig. 1). These granular or- 
ganelles are different from cytoplasm in the stainability, notwithstanding their border 
lines are still indistinct. Also these organelles assume faintly orange, pink and pale 
red colors with arginine, Millon’s and ninhydrine-Schiff reactions, respectively. In 
early stages these organelles are characterized by staining with ninhydrine-Schiff 
reaction (Fig. 7). While in a somewhat later stage by staining with arginine and 
Millon’s reactions. These organelles develop to give rise to the proteid vacuoles. 

Just before and after the egg nucleus is formed, the proteid vacuoles have been 
scattered all over the cytoplasm of the cell with disappearance of the vacuoles (in 
general sense). The proteid vacuoles are still hazy and stained somewhat weakly 
by Heidenhain’s iron-hematoxylin (Fig. 2) with arginine, Millon’s and ninhydrine- 
Schiff reactions. On the other hand, the cytoplasm in the egg cell becomes more 
and more densely stained and assumes a relatively strong color with Heidenhain’s 
iron-hematoxylin and protein staining until egg nucleus is formed. In the protein 
staining the colors of the cytoplasm are orange, red purple and pale red or yellow 
respectively by arginine, ninhydrine-Schiff and Millon’s reactions. 

When the egg nucleus migrates toward the center of the cell with enlargement 
of its size, the proteid vacuoles tend to increase in number; they.are more strongly 
stained by Heidenhain’s iron-hematoxylin (Fig. 3) and protein staining reactions 
(Fig. 8), their border lines become distinct. This condition continues until just be- 
fore fertilization. Within the proteid vacuoles there are some small granules, which 
are intensely stained with Heidenhain’s iron-hematoxylin (Figs. 3 and 4). Each 
granule, moreover, consists in one or more very small granules, which are stained 


much more intensely by Heidenhain’s iron-hematoxylin. From the time just before 
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or after fertilization, the proteid vacuoles tend to become hazy in shape and gather 
toward the lower part of the cell (Fig. 4). 
After fertilization 

The fertilized egg nucleus performs two successive divisions in the center of the 
egg cell resulting in four nuclei. Each of these nuclei becomes to be enveloped 
with new cytoplasm, which is different from the older ege cytoplasm in its uni- 
formity in appearance. This new cytoplasm is stained distinctly with arginine, 
Millon’s and ninhydrine-Schiff reactions (Figs. 10 and 11) and Heidenhain’s iron- 
hematoxylin (Fig. 17), whereas the older cytoplasm is stained somewhat faintly as its 
density declines. In this stage, the proteid vacuoles begin to disappear with decrease 
in their stainability from the upper and the peripheral region of the egg cell. Thus, 
the proteid vacuoles remain only in the lower part of the egg cell. Though their 
border lines become to be more or Jess indistinct, their stainability is stronger than 
that before this stage (Figs. 5 and 11). 

The four nuclei descend to the base of the egg and give rise to a four-celled 
proembryo. Thereafter, by two successive divisions these four cells result in 16 
cells consisting of 4 tiers, each of them having 4 cells. In the 4-celled proembryo, 
the cytoplasm is stained very intensely with Heidenhain’s iron-hematoxylin, pyronin, 
toluidine blue and with protein-staining reactions. In the following stage the daugh- 
ter cells have similar tendency to that mentioned above, while their sizes become 
much smaller than in the previous stages (Fig. 6). On the other hand the egg cell 
gradually loses its cytoplasm and assumes faint colors with various staining reac- 
tions. Such an egg cell has little proteid vacuoles (Figs. 6 and 12). 

The second tier from the base, the suspensor tier, begins to elongate and pushes 
out the tip cells into the endosperm tissues. The cells of this tier continue to elon- 
gate, and development of the embryo is achieved by successive divisions of the tip 
cells. 

When the proteid vacuoles are stained by basic dyes, they show a red-violet color 
by toluidine blue and a red by pyronin. The stainability with these dyes is constant 
during all the stages observed. By Lillie’s polysaccharide staining the proteid vac- 
uoles show a pink color and by I,-KI solution they are not stained throughout all 


the stages. 


Centrifuge treatment 
By a centrifugal force of 1000g to 1600, a stratification of the cellular con- 


tents is brought about. Wheu a central cell is centrifuged, the nucleus anda layer 
of cytoplasm intensely stainable by Heidenhain’s iron-hematoxylin is sedimented at 
the centrifugal end of the cell. Over this layer, a layer of weakly stainable cyto- 
plasm and a layer of the vacuoles (in general sense) are successively heaped (Fig. 
13). 

In the case of the egg cell, the arrangements of the cellular contents under a 
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centrifugal force show three different features in the process of egg development. 
In the early stage, the cytoplasm is gathered at the centrifugal end, the nucleus 
lying over it, and the proteid vacuoles are at the centripetal end (Fig. 14).. In the 
maturation stage before fertilization, the proteid vacuoles are parted toward two 
different directions by the condition whether their contents are rich or poor. There- 
fore, some proteid vacuoles having rich contents are heaped on to the centrifugal 
end and the others having poor contents to the centripetal. Those with intermediate 
amounts of contents remain in the intermediate region (Fig. 15). It is worthy of 
interest that the fertilized nucleus assumes the least specific gravity in the cell just 
after fertilization, and moved to the centripetal end (Fig. 16). The proteid vacu- 
oles are heaped at the centrifugal end in this stage. 

In the division stage of the fertilized nucleus, again the divided nuclei and the 
remaining proteid vacuoles are thrown down to the centrifugal.end by centrifugal 
force (Fig. 17). The divided nuclei are always accompanied by some cytoplasmic 
envelopes which are intensely stained by Heidenhain’s iron-hematoxylin (Fig. 17) 
and by staining reactions for proteins. 


Discussion 


In Pinus cembra, P. montana and P. sylvestris, Stopes and Fujii?) reported that 
the proteid vacuoles were observed after the egg nucleus was cut off from the 
central cell, and remained till the stage of suspensor elongation. In Pinus thunbergii, 
before the egg nucleus is cut off from the central cell, the initials of the proteid 
vacuoles are recognized by the staining reaction, notwithstanding their border lines 
were still more or less indistinct. Considering from these facts, it may be said that 
Stopes and Fujii’) did not observe the initials of the proteid vacuoles but the fully 
developed shape of them. Furthermore, in P. thunbergii little proteid vacuoles but 
the empty ones or ones poor in substances are found after the formation of pro- 
embryo at the base of egg cell. Thus, in these stages they appear to become to 
function. 

It has been reported by Strasburger!) and many investigators after him that 
the proteid vacuoles contained proteins. In the present study on P. thunbergii, the 
proteid vacuoles are stained strongly by ninhydrin-Schiff and arginine reactions. 
It may be concluded, therefore, that large amounts of basic proteins containing ar- 
ginine exist in the proteid vacuoles, while there are a little tyrosine-containing pro- 
teins, because the staining with Millon’s reaction is weak. Furthermore, Stopes and 
Fujii» reported the existence of starch grains in the proteid vacuoles. In Pinus 
thunbergii, on the contrary, there is no starch but a little amount of other polysac- 
charides in homogeneous state. 

Judging from the facts that those proteid vacuoles in which there are only a 
littie contents tend to be shifted toward the centripetal end by the centrifuge treat- 
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pee The S possible that the specific gravity of these vacuoles is small; they may 
contain lipids. To my regret, this possibility cannot be confirmed in the present 
study. 

Thus, the “ proteid vacuoles” named by Strasburger!) are revealed to contain 
es palyeacoharides and possibly lipids as well as proteins. They were also called 

nutritive vacuoles” by Stopes and Fujii®. It seems that these names are based on 
the various substances, which are included in the vacuoles and are used for oogene- 
Sis. In this study it can be considered that the proteid vacuoles store various sub- 
stances and serve as nutritives for egg cell. In Pinus thunbergit, the egg ceil in the 
maturation stage is full of proteid vacuoles. Considering their decrease in number 
till the fertilized egg begins to divide, the function of the proteid vacuoles may be 
related to the fertilization. Furthermore in an early stage of the proembryo devel- 
opment, many proteid vacuoles stained strongly by protein-reactions gather on the 
base of the egg cell and disappear with elongation of the suspensor. Judging from 
these facts it may be that the contents of the proteid vacuoles are consumed tor 
development of the proembryo and elongation of the suspensor. 

Many proteid vacuoles include some granules, but sometimes there are a few 
proteid vacuoles which have only one granule in each. In materials fixed by for- 
malin (Figs. 9 and 10) and in a photograph of the egg cell fixed by Champy’s fluid 
(Shimamura!), Fig. 3), the proteid vacuoles are shown to be more or less homogene- 
ous. In his study on the fresh eggs of P. sylvestris, Zacharias'?) observes the proteid 
vacuoles in which a homogeneous and indistinct structure and smal! spaces are pre- 
sent. The proteid vacuoles in vivo may have homogeneous structure, that is, some 


granules in them may be a kind of artefacts by fixation. 


Summary 


1. The “proteid vacuoles” in the cytoplasm of egg cell of Pinus thunbergu. were 
studied with staining methods. 

2. The proteid vacuoles first appear in the central cell. With maturation of 
the egg cell, they increase more and more in number and in their stainability by 
Heidenhain’s iron-hematoxylin and protein-staining reactions. The number and the 
stainability of them reach the maximum state just before fertilization. After fer- 
tilization they begin to decrease in number and nearly completely disappear by the 
time of proembryo formation at the base of the egg cell. 

3. The proteid vacuoles contain not only protein but also PNA and a little poly- 
saccharides. 

4. In all the stages of oogenesis, the proteid vacuoles are separated into three 
groups by centrifuge treatment; the first of them are moved toward the centrifugal 
end, the second toward the centripetal end and the remaining ones are distributed 
in the middle part of the cell. Those gathered at the centripetal end under centri- 
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fugal force are provable to contain lipids. 
5. The nutritive significance of the proteid vacuoles in the maturation of egg 


cell and in the early development of proembryo is discussed. 


The writer wishes to express his deep sense of gratitude to Professor Dr. T. 
Shimamura under whose kind guidance and encouragement this work has been car- 
ried out. He also wishes to express his thanks for Mr. T. Ota for his helpful advice 


and criticism. 
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Explanation of Figures 


Figs. 1—6. Egg cells and proembryos stained by Heidenhain’s iron-hematoxylin. ca. x110. 
Fig. 1. Central cell. With disappearance of the vacuoles (in general sense), a few granular 
organelles (initials of the proteid vacuoles) appear in the lower and the peripheral parts of 
the cell. Fig. 2. Immature egg cell. While the vacuoles (in general sense) disappear 
completely, the proteid vacuoles are still hazy. Fig. 3. Before fertilization. The proteid 
vacuoles reach the maximum in number. Fig. 4. Nuclear fusion. The proteid vacuoles 
become hazy in their shape and gather toward the lower part of the cell. Fig. 5. The sec- 
ond mitosis after fertilization. There are the proteid vacuoles in the lower part of cell. 
Fig. 6. 8-celled proembryo. Little proteid vacuoles are seen. Figs. 7—12. Egg cells and 
proembryos stained with ninhydrin-Schiff reaction. ca. «110. Bisa 74" Centralscelk ihe 
granular organelles (the initials of the proteid vacuoles) in the lower part of the cell and 
among the vacuoles (in general sense) is strongly stained, (cf. Fig. 1, which shows the later 
stage than that in Fig. 7). Fig. 8. Mature egg cell. The proteid vacuoles still do not 


reach the maximum in number. Fig. 9. Fertilized egg cell. The proteid vacuoles begin 
to decrease in number. 
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Figs. 10 and 11. 4-nucleated proembryo (not all of the four nuclei are seen in this picture). 
The proteid vacuoles gather in the lower part of the cell. Fig. 12. 4-celled proembryo (only 
one of the four nuclei is seen). The proteid vacuoles are degenerating. Figs. 13—17. Cen- 
trifuged egg cells and proembryos stained by Heidenhain’s iron-hematoxylin. (the arrows 
show the direction of the centrifugal force applied.) Fig. 18. Central cell. The nucleus, 
a layer of strongly stainable cytoplasm, a layer of weakly stainable cytoplasm and a layer 
of the vacuoles (in general sense) are successively heaped. Fig. 14. Immature egg cell. 
Most proteid vacuoles gather at the centripetal end. Fig. 15. Before fertilization. The 
proteid vacuoles are parted toward two opposite directions. A few proteid vacuoles remain 
in the intermediate region. Fig. 16. After fertilization. The proteid vacuoles are heaped 
at the centrifugal end, while the nucleus are thrown down to the centripetal end. Tnilfoas Wife 
4-nucleated proembryo. The nucleus and remaining proteid vacuoles are thrown down to the 
centrifugal end. 
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$22. A group of Japanese plants called the Himalayan-Japanese species is an 
example of a disjunct distribution. As illustrated in Fig. 21, the main area of such 
plants spreads widely over the highland of Himalaya with very isolated small areas 
in Japan and its surrounding regions. The common geographical characteristic of 
these plants is that they are quite absent from central and northern Chinese low- 
lands. The main area usually covers all over the Himalaya Mountain Range from 
Kashmir westwards to Afghanistan, or further eastwards to Yunnan and Szetchuan 
in China. Rather in many cases, the high mountains of Ceylon, the southern part 
of Deccan Peninsula, west coast of Sumatra, and Java are also marked as the iso- 
lated small areas. Further it is notable that the plants of the Himalayan-Japanese 
link are never found in the Philippines, Borneo, Celebes, and New Guinea, where 
they are replaced by a more common other group, the plants in the Indian-Malaysian 
link. Although the areas of these two different distribution types overlap one 
another in the southern part of India, Ceylon, Sumatra and Java, these two are 
generally distinct phytogeographically. 

The Japanese flora being relatively well known, the data from Japan enable us 
to draw a fairly accurate boundary of the distribution area of each entity as for 
the area in Japan, while it is often very difficult to fix especially the northern and 
the easternmost boundaries of the main area, owing to the problems of the Hima- 
layan Carices in Tibet left still in the vague, and to the lack of data available from 
the northern part of Thailand. The main area, therefore, may be actuaily more con- 
tinuous in its southeastern end, and its northern boundary facing Tibet may extend 
far more northwards. 

On account of its large number of species, the genus Carex provides us with 
very good materials for the phytogeographical observations in taxonomy. Among 
some 200 Japanese species of Carex, those of the typical Himalayan-Japanese link 
are represented by nine, viz. C. fedia, C. Jackiana-parciflora complex, C. ligulata, C. 
maculata, C. nubigera, C. olivacea-confertiflora complex, C. pruinosa-Maximowiczii com- 
plex, C. Rochebruni, and C. teinogyna. The following are the taxonomical observa- 


* Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. RR 
Yee Sie Pte ees 
** Continued from Bull. Arts & Sci. Div., Ryukyu Univ. No. 3, 78 (1959). 
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tions made on these nine entities. 

In preparing this paper, my heartfelt thanks are due to Dr. G. Taylor (Director) 
and Mr. E. Nelmes of Kew, for their kindness in sending me several Indian and 
Malaysian Carices on loan, which were indispensable to me for the final criticism 
of some species. The collection made by the Japanese-Himalayan Expedition and 
various small collections from China, both kept in the Kyoto University (KYO), and 
Dr. Hayata’s Indo-Chinese collection in the University of Tokyo (TI) were of great 
use. Almost all the Far Eastern specimens used in this study are preserved in my 
I am also grateful to Professor H. Hara and Dr. J. Ohwi who 
are always at hand with kindness and encouragement. 


private herbarium. 


(1) 


Indian C. fedia, more commonly known as C. Wallichiana, has Japanese and Korean 


Carex fedia Nees ex Wight—Fig. 21. 


variants in the Far East often referred to var. Miyabei and var. pilifera respectively. 
Thoughrather isolated zeograph- 
the fedia, 
var. Mivabei, and var. pilifera are 


ically, typical var. 


strikingly akin except for a few 


Pi eme 


cep 
characters mentioned in the 
table below. 
Comparing var. Miyabei with 
pilifera, | 


impression that they are inde- 


var. have a strong 


pendent from an evolutionary 


Fig. 21. Distribution of Carex fedia s. lat. 


point of view, and in the gene- 
ral aspect var. pilifera comes closer to Indian var. fedia than to var. Miyabei itself 


Table showing the characteristic differences among the 3 variants of C. fedia Nees. 


Miyabet 


Fedia 


Taxon sy 
Pais Pilifera 


Basal sheaths 


coriaceous, 
chestnut-purple. 


Female spikelets 


short-peduncled 
(less than 5mm.) to 
sessile, the body 
6-7 mm. thick with 
very dense flowers, 
the uppermost one 
often with staminate 
part. | 


rigid, 
reddish-brown. 


nearly sessile or the 
lowest with short 
peduncle inclosed in | 
bract sheath, dense- | 
flowered, 6-7 mm. 
thick, sex distinct. 


rigid later, 
reddish-brown. 


peduncle elongate 

to 2cm., body 5-6mm. 
thick with flowers 
rather loosely 
disposed, sex 

usually distinct. 


Perigynia 


coriaceous, ovate, | 


5-6 mm. long with an) 
upright beak about | 
1mm. long, wholly 

very hairy thus | 
nerves being very | 
obscure. | 


subcoriaceous, ovate, | 
5-6mm. long, abruptly 
contracted to an 
upright beak almost 
1mm. long, very 
loosely hairy. 


herbaceous, ovate- 
elliptical, 4-5 mm. 
long, with gradually 
narrowed 1.5mm. 
long beak, less 
hairy thus faintly 
nerved. 
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except for its nearly glabrous perigynia, though on the map (Fig. 21) their areas are 
seen as if there were an evolutionary relationship between var. pilifera of Korea 
and var. Miyabei in Kyushu, Japan. However, it is natural to consider that var. Miya- 
bei in northern Honshu, and western Hokkaido spread to Japan from the north, pos- 
sively through Saghalien. Further a special mention is needed as to its occurrence in 
Kyushu. The Kyushu plants in such a pattern of distribution are usually connected 
pitts the Korean-Japanese link, however, in this sedge, no close taxonomical rela- 
tionship is found between var. Mivabei in Kyushu and var. pilifera in Korea as stated 
above, and Kyushu is only regarded as the southernmost locality of the northern var. 
Miyabei. Accordingly, all var. Miyabei in Japan would have migrated into Japan 
only through the northern route of distribution or the socalled Saghalien-Hokkaido 
Stepping. Really at present, such a northern plant as Scirpus Wichurai is collected 
in northern Kyushu. Korean var. pilifera, by the way, seems not to have reached 
Kyushu, though the Kyushu individuals were once referred to C. glabrescens, a 


synonym of var. pilifera. 


(2) Carex pruinosa Boott—Fig. 22 

C. pruinosa is represented in pee by well known C. Maximowiczti. Up to the 
present the former has been known only from Himalaya and Java. The recent dis- 
covery of C. pruinosa from the Indo-Chinese peninsula connected the very remote 
two localities though incompletely, suggesting that the distribution pattern of C. 
pruinosa might come close to that of C. Maubertiana (cf. T. Koyama in Act. Phytotax. 
et Geobot. 16: 38, f. 5. 1955). 

Although C. Maximowiczti resembles C. pruinosa s. str. in the general appearance, 
it is fairly well differentiated morphologically from the latter, hence most specialists 
concerned have treated it to be specifically distinct from the latter. Kiikenthal, 
however, was the first who found the taxonomical similarity between these two, 
treating C. Maximowiczii as a subspecies of C. pruinosa. Both from geographical 
and morphological observations, I agree with the opinion of Kiikenthal that the two 
must have been originated from their common ancestor thought to be similar to C. 


pruinosa s. str. in the present day. The main differences between them are keyed 
as follows: 


A. Spikelets 4 to 5 to a culm, suberect to subcoriaceous, the body 2 to 5cm. in length and 
4 to 7mm. in width; perigynia elliptical 3-4mm. by 1.8-2.2mm., with an elliptical-ovate 


Scaleveeneet shen... SE 6. Aaa ran ae ee eee ee ee eee eee ee ueSD: pruinosa. 


AA. Spikelets 2 to 4 to a culm, eae the body 1.5 to 3.5cm. in length and 7 to 10mm. 


in width; perigynia broadly ovate, to rhombic-ovate, 3.5-4.5mm. by 2-2.5mm., with an 


oval scalevending ina 2am Lome awh .2.0...6)ss tee) ee Subsp. Maximowicazii. 


To the Eastern-Asiatic C. Maximowiczii are attributed two local variations, var. 
suifunensis originally reported from the easternmost part of Manchuria, and var. 
levisaccus from Japan. The latter is characterized by quite smooth perigynia and 
often thicker spikelets, but its area is perfectly included within that of C. Maximo- 
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wiczi s. str. Var. swifunensis with very cinereous smaller perigynia less than 3.5mm 
long and fewer spikelets on more rigid culm is a northern Korean population, and 
is recently found at one locality in central Honshu of Japan as a quite local exist- 
ence. As illustrated in Fig. 17, C. Maximowiczii s. str. covers all Japan and also 
extends as far as to central Korea, where it contacts with var. suifunensis, of which 
area extends northwards up 

to Suifun in eastern Man- ®% 
churia. The southernmost 


Distribution 
of 
Carex pruinoga 


; Pruinosa 
record of C. Maximowitczii s. 


str. from Okinawa is based 
only upon a specimens col- 
lected there by Sakaguchi 
(KYO!), but since then no 


other person has found it in 


Okinawa nor it has ever 
been recorded in the islands 
lying between Okinawa and 
the southern part of the 


mainland of Kyushu, the da- 


tum is doubtful to some ex- 
tent: 

The migration route of C. Maximowiczii into Japan is explicable by the Korean- 
Japanese Land Bridge. It has long been said that at least by the late Tertiary, the 
mainland of Japan is believed to be connected with the Korean Peninsula by a land 
bridge, through which many continental plants might have reached Japan. But on 
the other hand, the distribution of var. swifunensis gives us a clue to analize the 
process of speciation of C. Maximowiczii s. lat. Var. suifunensis was found at the 
foot of M. Yatsugatake in central Japan (cf. T. Koyama in Journ. Jap. Bot. 30: 134. 
1955), where we have noticed many northern Chinese plants, for instance Crataegus 
pinnatifida Bunge, Geranium soboliferum ‘Komarov, etc. The group of plants is 
thought to have once occupied a more larger area in Japan in the Tertiary. Var. 
suifunensis, therefore, would have also spread in Japan at the time or so, and now 
its area must have restricted owing to the climatic factors, being followed by the 
differentiation of var. Maximowiczii s. str. Var. levisaccus, the smallest local popula- 


Pruinosa Suifunensis Maximowiczii Levisaccus 


rn nw nn ie 


(1) Size of perigynia becoming large. Loss of punctulation 
on perigynia. 


Oo ce qr 
(2) Reduction of spikelets. 
(3) Culms becoming slender. 
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tion, would have been born further from C. Maximowiczii s. str. It is interesting 
that some morphological characters in the following tendency also correlated well 


with this series of specific differentiation as given below. 


(3) Carex nubigera D. Don—Fig. 23. 

C. nubigera presents a typical distribution pattern of Himalayan-Japanese Ele- 
ments. Its main area spreads widely over the highland of Himalaya from Afgha- 
nistan eastwards to Hupeh and Yunnan in China. The fragmental branch areas are 
scattered inymontane regions of Ceylon and southern India, Sumatra and Java, 
Formosa, and in the lowlands in Japan. Two morphologically differentiated variants 
are found, C. albata of the northern Japan, and var. Franchetiana ot the western 


Japan. In C. nubigera s. str. from Hima- 


Distribution laya ovate-elliptical pale perigynia 4 to 
Carex eee, 5mm. in length compose rather dense 
spikes with an elongate leaflike bract 
at the base. Japanese C. albata differs 
from typical C. nubigera chiefly in its 
larger habit, more dense inflorescence, 
brown-tinged scales, and deltoid-lanceo- 
late perigynia terminated by a longer 
brownish beak, up to 5.5mm. long. Var. 
Franchetiana, intermediate between the 
two, comes closer to C. nubigera than 
to C. albata, and differs from the for- 
mer by its shorter perigynia 4 to 4.5mm. 


Franchetiana 


long and spikes without any leaflike 
Fig. 23 bract at the base. Fig. 23, bottom indi- 

cates the different processes of migra- 
tion of the two into Japan. The area of C. albata, lying in northern Japan rather 
on the Japan Sea side, proves that the plant was distributed to Japan through the 
northern route, whereas the area of var. Franchetiana shows that it is the typical 
continental element, extended into Japan through the Korean-Japanese Land Bridge. 
Var. Franchetiana has once been wrongly treated as a variety under C. albata, but 
from this view both C. Franchetiana and C. albata should be coordinate infraspecific 
taxa attributed to the Indian C. nubigera. 

Another similar case is observed in C. Jackiana Boott and its Japanese popula- 
tion, subsp. parciflora Kiikenthal. As its taxonomy has already been discussed (T. 
Koyama in Bot. Mag. Tokyo 70: 352-357. 1957), subsp. parciflora includes two large 
variants, var. parciflora and var. macroglossa. The former, a typical Boreal-Japanese 
Element, is interpreted as having migrated to Honshu from northwards, while the 
latter is thought to have entered into Honshu through Korea and afterwards ex- 
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tended northwards to Hokkaido (Fig. 


Distribution 


5 : : 
= 24). In C. nubigera, the morphological 
Carex Jackiana 


differences among its local populations 


are still very slight so that they are 
treated as varieties, however, the more 
advanced speciation seen in Japanese 
ssp. parciflora makes it possible to grant 
a subspecific status for it. 
; (4) Carex ligulata Nees ex Wight— 
5 y, fi Fig. 25. 

In the phytogeographical respect, 
the occurrence of C. ligulata in Shikoku, 
western Japan, is the only difference 


from the above mentioned cases of C. 
fedia and C. pruinosa. Also a notable 
thing is that C. ligulata var. austro-koreensis is known as a variant in southern Korea. 
Since all the specimen from the mainland of Japan quite well agrees with those from 
India and China taxonomically, the Korean variety differing from typical one in 
more glaucous leaves and culms with more densely flowered spikelets and lighter 
colour of scales, is regarded to have been relatively newly differentiated from the 
typical C. ligulata. 

Therefore, the migration route of this plant 
into Japan can be the so-called Korean-Japanese 
Jand bridge mentioned in the previous paragraphs. 
This route is just like one which the Japanese 
botanists have accommodated to a group of Chinese 


Fig. 25. Distribution of 
Carex ligula. 


continental plants occurring in western outer Ja- 
pan, called the Sohayaki elements. But the true 
Sohayaki elements are a group of relict species distributed in Kyushu, Shikoku, and 
Kii peninsula, their area sometimes further extending a little eastwards to western 
Tokai district, while the area of C. ligulata is larger, covering also northern Kyushu 
and Chugoku district of Honshu. Thus C. ligulata can not be treated as belonging 
to the Sohayaki elements. 

C. Rochebruni, C. teinogyna, C. maculata and possibly C. poculisquama present the 
similar distribution pattern to that of C. ligulata. C. Rochebruni has a local variety 
in northern Formosa, named as var. remotispicula. The area of C. maculata is more 
extensive covering also northern Ryukyus, and its arm stretches out also to Java and 
the Moluccas. The Okinawan variety is named var. Tetsuoi. C. teinogyna, however, 
is not much differentiated. I agree with Nelmes in regarding the Japanese plants 
as quite identical with the Indian plants. C. poculisquama Kiikenth. is a good ex- 
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ample of relict, known only from three localities, Nanking in China, Akiyoshidai 


in the westernmost part of Honshu, and Mt. Iwafune in central Honshu, Japan. 


This very rare sedge is expected to be found in the Himalayas. 


(5) Carex olivacea Boott—Fig. 26. 
C. confertiflora from Japan and C. recurvisaccus from Kwantung in China are the 
closest to C. olivacea of Himalaya and Java. Kiikenthal and others are of opinion 


that C. olivacea and C. confertiflora are identical. Franchet and Ohwi, however, dis- 


Table exhibiting the differences among C. olivacea aud its allies. 


Taxon 


Fig. 26. Distribution of 
Carex olivacea s. lat. 


Part Olivacea | Recurvisaccus Confertifiora | 
Perigynia broadly obovoid or brordly ellipsoid or broady obovoid to | 
ellipsoid-obovoid, | ellipsoid, 3.8-5 by almost orbicular, 
3-45 by 15-2, 1.2-1.5mm., beak 378-4 by 2-2.5 mm., | 
| beak about 1mm | conical-cylindrical, beak bented down, | 
long, recurved, | less than lmm long, | cylindrical 1mm 
conical, bidentulate | obliquely truncate long, bidentulate 
to bidentulate at | 
| criffice 
aoe == foe es —_— : a: seal 
Scale of | brown-red, rounded | brown-red, obtuse pale, oblong, acute | 
pistillate flower | at muticous apex | at muticous apex to acuminate at tip | 
with an awn up to | 
3mm. long 
Spikelets di tor 9 of which lito) Sito of winch Tite) | 3c) 6 tor witch st 
2 being male, the | 2 male, the body of (-2) male, the body 
body of female ones | female one 7 to 1l | of the female ones 
3-16 by 0.5-0.8cm., | by 0.6-0.8cm., rather | 2.5-5 by 0.7-0.9 cm., 
rather dense-flowered loose-flowered very dense-flowered 
Leaf sheaths brown-red | brownish to yellow- brownish-pale 
| brown | 


tinguish these two sedges. Comparing the two authen- 
tic specimens of C. olivacea* with C. confertiflora, | am 
of opinion to separate C: confertiflora as a subspecies of 
C. olivacea. C. recurvisaccus, in my opinion, differs from 
either of them, and the main distinguishing characters 
are given in the above table. The recent discovery of 
C. recurvisaccus from Kwantung, China, strongly sug- 
gests that these three are also related to each other 
phytogeographically, though the areas are so isolated. 
When the distribution illustrated in Fig. 26 is com- 
pared with that of C. ligulata in Fig. 21, it is natural 
to explain that they fall into the same category. The 
case of C. olivacea s. lat. must be a more advanced 
degree of speciation than in C. ligulata s. lat. Namely 
the large area in western China Proper must have pos- 


* Himalaya, Jenkins (K)!, Sikkim, Hooker f. (K)! 
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sively gone out of existence. 


Only from the data of distribution of Japanese ssp. confertiflora itself, it is im- 
possible to consider the route by which this plant had migrated into Japan. But, 
the taxonomical link basing upon the morphological characters between C. olivacea 
and its spp. confertiflora gives a credit to regard ssp. confertiflora as it would have 
been extended into Japan directly from the central Chinese existence which is now 
much depleted with the retrogression of the area. 


As fully discussed above, the three migration routes are observed as to the 
distribution of the Himalayan-Japanese species of Carices into Japan. The first route 
coincides with what the Japanese taxonomists named the Central-China-Japan direc- 
tion to accommodate the so-called Sohayaki Elements. The Carices of this group 
suggesting this route, always occur in western Japan including southern Kyushu, 
Shikoku and the Chugoku District, but the reason why it is not adequate to regard 
them as the true Sohayaki Elements is that they have much larger area where they 
grow rather luxuriantly, thus seem to be probably younger and not to be relics. 

The second route is the so-called Korean-Japanese Land Bridge. The sedges of 
this group which are thought to have migrated into Japan through this course, have 
never been noted in Shikoku. Usually their areas agree with those of the Manchu- 
rian and northern Chinese Elements distributed in the Chugoku District in Japan, 
including, for example, Celtis Levetllei Nakai, Rhododendron mucronulatum Turcz. etc. 

The third is the northern route passing through Saghalien and Hokkaido south- 
wards. The sedges belonging to this group are found in the northern parts of Hon- 
shu centering around the deep snow region just Jike the so-called Boreal-Japanese 
Elements. 

C. ligulata Nees, C. pruinosa Boott, and C. fedia Nees are examples of the first, 
the second, and the third geographical category respectively here stated. Further, 
it is noteworthy that C. nubigera D. Don and C. Jackiana subsp. parciflora Kikenthal 
have two geographical local populations each, one belonging to the Boreal-Japanese 
Elements, and another being a kind of the northern Chinese and Korean Elements 


found in the Chugoku district of western Japan. 


Nomenclatorial treatments 


1. Carex (Hirtae) fedia Nees ex Wight, Contrib. Bot. of India 129 (1834); V. Krecz. 
in Komarov, Fl. URSS. 3: 417 (1935)—C. Wallichiana Prescott (ex Wallich, List, Pi 
East Ind. Comp. Mus. 118. 1828, nomen tantum) ex Nees in Wight, Contrib. Bot. In- 
dia 129 (1834); Kiikenthal, Cyper.-Caric. 749 (1909)—non Sprengel (1826). 

var. fedia. 

var. pilifera (Kiikenthal) T. Koyama, comb. nova—C. Wallichiana Nees var. Miya- 
bei Kiikenthal forma glabrescens Kiikenthal, Cyper.-Caric. 749 (1909)—C. drymophila 
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Turcz. var. pilifera Kiikenthal, Cyper.-Caric. 756 (1909)—C. drymophila Turcz. var. 
udensis Kiikenthal, Cyper.-Caric. 755 (1909) pro parte, excl. basionym.—C. glabrescens 
(Kiikenthal) Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 6: 245 (1931) exe. 
pl. e. Japon., et 1. c. 11: 509 (1936). 

var. Miyabei (Franchet) T. Koyama, comb. nova—C. Miyabei Franchet in Bull. 
Soc. Philom. Paris 8° sér., 7: 52 (1895); Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. 
Ser. B, 11: 508 (1936); Akiyama, Caric. Far East. Reg. As. 238, t. 243 (1955)—C. saru- 
ensis Franchet, 1. c. 85 (1895)—C. Wallichiana Presc. ex Nees var. Miyabei (Franchet) 
Kiikenthal ex Matsumura, Index Pl. Japon. 2 (1): 138 (1905); Kiikenthal, Cyper.-Caric. 
749 (1909). Japanese name: Birodo-suge. 


2. Carex (Acutae) pruinosa Boott in Proc. Linn. Soc. 1: 225 (1845); Kiikenthal, 
Cyper.-Caric. 352 (1909); Nelmes in Reinwardtia 1: 428 (1951); T. Koyama in Le 
Natur. Canad. 82: 204 (1955) et in Contrib. Inst. Bot. Univ. Montréal No. 70, 19 (1957). 

subsp. Maximowiczii (Miquel) Kikenthal, Cyper.-Caric. 353 (1909) ; Nakai, Fl. Ko- 
rean. 2: 311 (1911)--C. Maximowiczi Miquel in Ann. Mus. Bot.-Lugd.-Batav. 2: 150 
(1866); Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 11: 292 (1936); Akiyama 
Caric. Kar East. Reg. As, 85, 1. So (1955). 

var. Maximowiezii—C. Maximowiczii Mig. var. minor Akiyama, Consp. Carlic. Ja- 
pon. 100, f. 49 (1932), et Caric. Far East. Reg. As. 85-6 (1955). Japanese name: Goso. 

var. levisaecus Makino et Nemoto, Fl. Japan ed. 2, 1446 (1931), sub C. pruinosa— 
C. Maximowiczii Mig. var. levisaccus (Makino et Nemoto) Ohwi in Mem. Coll. Sci. 
Kyoto Imper. Univ. Ser. B, 5: 277 (1930) et 1. c. 11: 294 (1936); Akiyama, 1 c/ 86 
(1955). Japanese name: Hoshinashi-goso. 

var. suifunensis (Komarov) Ktikenthal, Cyper.-Caric. 353 (1909)—C. suifunensis Ko- 
marov in Acta Horti Petrop. 18: 445 (1901)—C. Maximowiczii Miq. var. suifunensis 
(Komar.) Nakai ex Kitagawa in Bot. Mag. Tokyo 48: 373 (1934); T. Koyama in Journ. 
Jap. Bot. 30: 134 (1955). Japanese nome: Chosen-goso. 


3. Carex (Multiflorae) nubigera D. Don in Trans. Linn. Soc. 14: 326 (1825); Ki- 
kenthal, Cyper.-Caric. 145 (1909); Nelmes in Reinwardtia 1: 434 (1951); Ohwi et T. 
Koyama ex Kitamura in Kihara, Fauna & Fl. Nepal Himalaya 87 (1955). 

subsp. nubigera var. nubigera—C. fallax Steudel, Synops. Pl. Glumac. 189 (1855) 
—C. nubigera D. Don var. fallax (Steud.) C. B. Clarke in Journ. Linn. Soc. 37: 5 (1904) 
—C pseudo-arenicola Hayata, Ic. Pl. Formos. 6: 118, f. 35, f-j (1816)—C. fallax Steudel 
var. pseudo-arenicola (Hayata) Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 11: 
248 (1936). 

var. Franchetiana Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 5: 283 
(1930); Akiyama, Caric. Far East. Reg. As. 52, t. 19 (1955). Japanese name: Tsukushi- 
minoborosuge. 

subsp. albata (Boott) T. Koyama, stat. novus—C. albata Boott (ex Miquel in Ann. 
Mus. Bot. Lugd.-Batav. 3: 193, 1867, nomen; Franch. et Savat., Enum. Pil. Japon. 2: 
993, 1879, nom. seminud.) ex Franchet in Nouv. Archiv. Mus. Paris 3° S618 7 Lolo 
(1896); Ohwi, 1. c. 11: 246 (1936); Akiyama, Caric. Far. East. Reo. As. 52, tats (1955) 
—C. nubigera D. Don var. albata (Boott) Kiikenthal ex Matsumura, Index Pl. Japon. 
2 (1): 123 (1905); Kikenth., Cyper.-Caric. 146 (1909). Japanese name: Minoboro-suge. 


4. Carex Jackiana Boott. Nomenclature: T. Koyama in Bot. Mag. Tokyo 70: 352 
soo! OC. 


9. Carex ligulata Nees. Nomenclature: T. Koyama in Acta Phytotax. et Geobot. 
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16: 40 (1955). 


6. Carex Rochebruni Franch. et Savat. & var. remotispicula Ohwi. Nomenclature: 
Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 11: 257-8 (1936) and Akivama, 
Caric. Far East. Reg. As. 66 (1955). 


7. Carex (Graciles) teinogyna Boott, Illustr. Garex pt. 1, 60, t. 158 (1858)2 Ktiken- 
thal, Cyper.-Caric. 602 (1909); Nelmes in Mém. Mus. National Hist. Nett, INL GS, See. 
B, 4 (2): 146 (1955)—C. teinogyna Boott var. scabriculmis Kukenthal, 1. c. 602 (1909)— 
C. scabriculmis (Kikenth.) Ohwi in Acta Phytotax. et Geobot. 2: 27 (1933). Japanese 
name: Fusanakirisuge. 


8. Carex (Anomalae) maculata Boott in Trans. Linn. Soc. 20: 128 (1846) ; Akiyama, 
Caric. Far East. Reg. As. 120, t. 105 (1955), incl. f. viridans Kiikenthal. 

var. maculata. Japanese name: Tuchi-suge. 

var. Tetsuoi (Ohwi) T. Koyama, stat. nov.—C. Tetsuoi Ohwi ex Ohwi & T. Ko- 
yama in Misc. Rep. National Sci. Mus. No. 5, 2, t. 2 (1952). Japanese name: Ryukyu- 
tachisuge. 


9. Carex (Molliculae) olivacea Boott in Proc. Linn. Soc. 1: 286 (1845); Kiikenthal, 
Cyper.-Caric. 617 (1909), pro maxima parte!; Nelmes in Reinwardtia 1: 395 (1951). 

subsp. confertiflora (Boott) T. Koyama, stat. nov.—C. confertiflora Boott ex A. 
Gray, Bot. Japan 418 (1859); Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 11: 
A76 (1936); Akiyama, Caric. Far East. Reg. As. 148, t. 138 (1955)—C. olivacea Boott 
var. angnstior Kiikenthal, Cyper.-Caric. 618 (1909). Japanese name: Miyama-shirasuge. 

subsp. recurvisaccus (T. Koyama) T. Koyama, stat. nov.—C. recurvisaccus T. Ko- 
yanawmejapanm. Journ. Bot. 15'(2): 166, £. 2 (11956). 


N.B. As to the name of the section to which C. clivacea belongs, I agree with 
Nelmes (Reinwardtia 1: 395, 1951), who is of opinion that the section Tumidae Kii- 
kenthal is relatively heterogeneous but is difficult to separate into more than two 
groups. Being Tumidae Kiikenthal a later homonym of Tumidae Meinsh., Molliculae 
Ohwi is nomenclatorically correct to accommodate to this section. A name Confer- 
tiflorae is the oldest, but in Franchet’s opus, this name appears as a nomen nudum 
without any definite rank, and further, in its original sense, Franchet’s Confertiflorae 
incidentally did not include neither C. confertiflora nor C. olivacea. 


Sectio Molliculae Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 11: 450 
(1936)— Tumidae Kiikenthal, Cyper.-Caric. 611 (1909), non Meinshausen (1901)—Confer- 
tiflorae Franchet ex Ohwi, loc. cit. 474 (1936), non Franchet in Nouv. Archiv. Mus. 
10: 106 (1898), nomen. Species typica: C. mollicula Boott. Etiam pertinent C. oli- 
vacea Boott, C. alliiformis C. B. Clarke, C. purpureotincta Ohwi, C. oedorahampha Nel- 
mes, C. japonica Thunb., C. aphanolepis Franchet & Savat., C. planiculmis Komar., C. 
subtransversa C. B. Clarke, C. Brownii Tuckerm., C. transversa Boott, C. alopecurotdes 
D. Don, et C. neo-Petelotti Raymond. 
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Plasmolysis in Characeae 
by Toshio HAYASHI* and Eiji KAMITSUBO** 
fk 2A LEIA: HBO URE OME 
Received April 2, 1959 


Of various plant cells there are not a few materials in which plasmolysis does 
not take place readily. The internodal cell of Characeae is one of them. Strong 
adhesion of the protoplast to the cell wall may probably be one of the reasons 
which make plasmolysis difficult in this material. Yet it is not impossible to have 
them plasmolyse slowly using a suitable plasmolyticum. 

As we recently had opportunities to observe various interesting and unusual 
phenomena in cells of Chara Braunii on the course of long-lasting plasmolysis in 
calcium nitrate solution, we should like to report them together with the behav- 
iour of protoplast in some other plasmolytica in the following pages. 


Material and Method 


Internodal and “ branchlet” (or “leaf ’’) cells of Chara Braunii were used through- 
out the experiments. The plasmolyticum, which was mainly used for the present 
work, was calcium nitrate at the concentration of about 0.2M. Besides, NaCl, 
NaNO,, KCl, KNO,, CaCl,, MgCl,, MgSO, and sucrose were also used for comparison. 

The plant was cut off at the locus several cm. below the apical end. The freed 
portion consisting of several young internodal cells together with many “ branch- 
let” cells was immersed in the plasmolyticum in a small Petri-dish. Observation 
was made mostly leaving the material in the Petri-dish. When a higher magnifica- 
tion was needed, the material was brought carefully onto a glass slide for micro- 
scopic observation. 

All experiments were carried out at room temperature (10-15") in autumn and 
winter. Renewal of the plasmolyticum was conducted with an interval of around 


a week. 


Results 


1. The plasmolysis with Ca(NO,), solution 
The Course of Plasmolysis: Soon after the cell is immersed in the solution, a 
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lot of small hollows are formed over the surface of the protoplast. These small 


hollows are incorporated with one another in a few minutes to form larger but 
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Fig. 1. Diagrams showing the course of plasmo- 
lysis in Characeae. a, before plasmolysis. 6, soon after 
the cell is immersed in 0.2M Ca(NOs;)o. c, 1/2-1 hour 
later. d, about 24 hours later. e, the stage of sand- 
grass-like form. f, g, 2-3 days later. h, i, 10 or more 
days later. The arrows indicate the directions of the 
protoplasmic streaming. 


fewer hollows, which are 


gradually transformed into 


sand-glass-like narrowings. 
The narrowed portions get 
more and more slender with 
time to form very thin strands 
which are eventually broken. 
The protoplast is then divided 
into two or more individual 
pieces exhibiting a convex- 
It takes 2- 
3 days for the protoplast to 


plasmolysis form. 


reach this stage after the 
treatment. Successive stages 
of deformation of the proto- 
plast in the course of plasmo- 
lysis are shown diagrammati- 
cally; im, Fig, de 

Deformation and Behaviour 
of the. Protoplast: About a 
week after the cell has been 
plasmolysed, the protoplast 
diminishes their volume spon- 
taneously to a considerable 
extent. The 


volume of the protoplast is 


decrease. in 


brought about not only by 
decrease in their length but 
by decrease in their width. 
Reduction in width amounts 
sometimes to one half of its 
initial width. 


According as the volume of protoplast becomes smaller, the layer of the stream- 
ing endoplasm becomes thicker and a number of chloroplasts anchored in the cor- 
tical layer are freed from it. The freed chloroplasts are thrown into the streaming 
plasmasol, where they are carried along passively by the stream. 


Although most of the protoplasts in a long internodal cell are dead after a week 
or so, the protoplasts found at the end of the cell, or protoplasts which are nearly 


spherical, survive often for two weeks, the protoplasmic streaming being kept 
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active during that time. On the other hand, in small cells of branchlets, the stream- 
ing continues very actively throughout several weeks, sometimes even more than 
10 weeks under the plasmolysed state. 

Protoplasmic Streaming: When the cell is brought into the solution, the proto- 
plasmic streaming stops only for a few seconds before the cell resumes the stream- 
ing with an approximately normal rate in the same direction as before. Later, the 
speed of protoplasmic streaming gradually decreases and the streaming course, too, 
changes variously concomitantly with the deformation of the protoplast. In a week 
or two we are encountered with many startling and instructive patterns of proto- 
plasmic streaming in the protoplast of the plasmolysed cell. Some of them are 
shown in Figs. 2-8. 

As is well known, the streaming course of protoplasm in a “ branchlet” cell is 
nearly parallel to its longitudinal axis. The course of streaming, however, is gradu- 
ally altered after the cell has been thrown into plasmolysis. After 10 days the 
protoplasm often streams at right angle to the longitudinal axis of the cell (“right 
angle streaming ’’). 

Most probably the shifting of the streaming course is caused by the change in 
the orientation of the cortical layer which is supposed to be responsible for direct- 
ing the streaming (Breckheimer-Beyrich”, Kamiya and Kuroda”), Hayashi®)). The 
cortical plasmagel is gradually directed in right angle to the cell axis as the longi- 
tudinal contraction of the protoplast proceeds. In Fig. 1, f—i show some of the 
transitional forms leading to “right angle streaming”. 

The speed of streaming decreases gradually as the volume of the protoplast 
decreases, but it differs from protoplast to protoplast and also from part to part 
of one and the same protoplast (Fig. 3). Three weeks after plasmolysis, the speed 
becomes about 1/3 of that of the control. The decrease in speed goes hand in hand 
with the contraction of the protoplast. 

Arrangement of the Chloroplasts: The regular arrangement of the chloroplasts 
is gradually disturbed as plasmolysis proceeds. In the early stage of plasmolysis, 
the orderly arrangement of chloroplasts is still maintained but the indifferent zones 
(white lines) become often obscure. 

The arrangement of chloroplasts is modified little by little until it finally be- 
comes disorderly. In some protoplasts, the streaming continues even when almost 
all chloroplasts are thrown out of place into the streaming plasmasol (Fig. 4). 

As mentioned already, a number of chloroplasts become free from the cortical 
layer with the progress of plasmolysis and are carried along passively by the plas- 
masoi involved in streaming. Sometimes, these chloroplasts form a large aggregate 
which is moved around with the streaming protoplasm while rotating around its 
own axis (Figs. 3, 5). Weare also encountered not infrequently with a case in which 
the aggregate does not move and yet the plasmasol around the aggregate is still 


kept streaming (Fig. 6). 
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Fig. 2. A protoplast of Chara Braunii (“branchlet” cell). 72 days after the 
treatment. The length: about 600y, the width: about 1304. Streaming rate: 
24 pw/sec. 

Fig. 3. The streaming rate differs from part to part in this protoplast. An 
aggregate of chloroplasts is moved around by the streaming protoplasm while 
rotating around its own axis. 22 days after the treatment. Length: 850, width: 
185 py. 


Fig. 4. A protoplast in which almost all chloroplasts are thrown out of place 
into streaming plasmasol. After 43 days. 

Fig. 5. A protoplast with the aggregates of chloroplasts resting at the two 
ends. The plasmasol rotates around the longitudinal axis of the protoplast on 
each of these quiescent aggregates of chloroplasts. A free smaller aggregate of 
chloroplasts is rotating in the stream of the plasmasol. The middle space of 
protoplast is occupied by a vacuole. The cell sap is moved along by the stream- 
ing of protoplasm on both sides. 43 days after the treatment. 
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Fig. 6. The stream of the plasmasol around a large central aggregate of 
chloroplasts which does not move and is attached to the peripheral layer of the 
protoplast. 74 days after the treatment. Streaming rate: 20 w/sec. 

Fig. 7. A protoplast having a small vacuole which is carried along slowly 
with the protoplasmic streaming. Streaming rate: 34y/sec. 11 days after the 
treatment. 

Fig. 8. A protoplast having a doughnut-like vacuole. The central column of 
the protoplasm crossing the vacuole rotates around its own axis in the direction 
indicated by small arrows while other plasmasol streams in the opposite direc- 
tion as shown by large arrows. 


The Vacuole: The contraction of protoplast takes place at the expense of the 
decrease in the vacuolar space. When the cell is subjected to plasmolysis for 
several weeks, the vacuole becomes extremely small and is sometimes carried along 
slowly with the protoplasmic streaming (Fig. 7). Finally the vacuole disappears 
completely and a vacuole-free protoplast is obtained. 


2. Behaviour of the cell in plasmolytica other than Ca/NO,), 

In order to compare the above behaviour of the cell in Ca(NO,), with that in 
several other plasmolytica, experiments were also conducted using NaCl, NaNO,, 
KCl, KNO;, CaCl,, MgCl,, MgSO, and sucrose. Concentrations of these plasmolytica, 
which are iso-osmotic to 0.2 M Ca(NO,),, are about 0.27, 0.27, 0.27, 0.27, 0.19, 0.18, 
0.44 and 0.46 M, respectively. But for the defference in plasmolyticum the method 
and the material were the same as before. 

The Na- and K-salts are very toxic to this material at the concentrations used. 
In these solutions, the protoplasmic streaming is stopped just after the cell is im- 
mersed in them. An irregular concave-plasmolysis is observed for only about ten 
minutes before deplasmolysis starts. After 20-40 minutes complete deplasmolysis 
is*accomplished accompanied with cell death. 

In the case of Mg-salts, the toxicity is slight as compared with Na- or K- salts. 
In a few cases the protoplasmic streaming can be observed for three hours under 
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the plasmolysed state though the rate of flow is very small. Spontaneous deplasmo- 
lysis is not observed in the solution of Mg-salts, but the cell is killed several 
hours after it has been brought into the solution the contour of their plasmolysed 
forms being maintained unaltered. 

There is no noticeable difference between CaCl, and Ca(NO,), so far as the plas- 
molytic behaviour of the cell is concerned, since various interesting phenomena 
described before are observed also in CaCl, solution several days after plasmolysis. 

Sucrose is somewhat toxic as compared with Ca-salts. In this solution, many 
cells died in a few days, but some surviving cells exhibit a typical convex-plasmo- 
lysis as in the case of Ca-salts. 

Considering the fact that the osmotic pressure of the cell in this material is 
equivalent to 0.22-0.24M solution of sucrose, it is well to be expected that the 0.46 M 
sucrose contracts the protoplast into half the volume of the protoplast before plas- 
molysis. It is, however, to be noticed that in the solutions of Ca-salts, the volume 
of the plasmolysed protoplasts steadily decreases with time reaching only 1/4-1/8 
of the original cell volume about 10 days after the treatment. 

These experiments indicate that Na- and K-salts are fairly permeable to the 
cell of Chara and kill it soon after their application; the Mg-salts are not so per- 
meable as to cause deplasmolysis, but they likewise kill the cell in several hours 
because of their toxicity. Ca-salts apparently hardly enter the cell; it is probably 
due to the very gradual leakage of monovalent, native ions from the cell under the 
state of plasmolysis that the protoplast never stops completely to contract in the 
solution of calcium salts. Sometimes very thin and incomplete membranes are ob- 
served to be left behind the contracting protoplast, which is well known in Siphon- 
ales tube and other materials. 


Discussion 


Plasmolysis is influenced by, among various factors, the degree of adhesion be- 
tween the protoplast and the cell wall. In the case of Chara or Nitella, a gigantic 
size of the cell and the relatively delicate cell wall are also factors which make 
the plasmolysis difficult in these materials. Generally, when a Jong cell is plasmo- 
lysed, the protoplast tends to be divided into several smaller, independent portions. 
This tendency is also shared by the cell of Characeae. 

Kuster’) who described in detail the behaviour of the protoplasmic streaming 
in plasmolysed Elodea cells, showed various abnormal and remarkable patterns of 
protoplasmic motion. The “ belt-like streaming” observed by him -probably corres+ 
ponds to the “right-angle streaming ” observed by usin Chara. A similar stream- 
ing pattern is also observable in Nite/la flexilis and in root hairs of Hydrocharis Morsus 
ranae (unpublished). We thus see the general tendency that the streaming course 
takes the shortest pass when the cell is thrown into plasmolysis. 
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The reason why the streaming course is changed from the longest to the short- 
est under the plasmolysed state is an important problem which awaits further study. 

At any rate it has been demonstrated in the present paper that the protoplasmic 
streaming is maintained for a remarkably long time, sometimes even more than 10: 
weeks, under the plasmolysed state. 

A variety of streaming patterns in the plasmolysed protoplasts mentioned above 
are quite instructive in considering the mechanism of protoplasmic streaming, 
especially in locating the seat of motive force production. Further descriptions of 


the behaviour of the streaming and its analysis will be dealt with elsewhere by 
Kamitsubo. 


Summary 


Internodal and “branchlet” cells of Characeae can be plasmolysed by Ca(NO,)., 
during as long as 1-10 weeks while keeping the protoplasmic streaming active. In 
the course of the long-lasting plasmolysis the protoplasts are subjected to a re- 
markable deformation, and concomitantly, the streaming pattern of protoplasm suffers. 
pronounced modifications. 


The authors wish to express their cordial thanks to Prof. N. Kamiya of Osaka 
University for his directions and encouragement throughout this work. One of the 
authors, Hayashi, wishes to express his gratitude for the financial aids from the 
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Introduction 


Several researches relating to the mechanism ofthe browning reaction in green 
leaves kept in abnormal state such as injury, provisional high temperature have 
been reported”.”,3)..., A general interpretation about the reaction is that some 
brown substance is formed by enzymatic or non-enzymatic oxidation of phenolic 
compounds which existed in green leaves. Hattori ef a/.?», Weurman and Swain, 
and Uritani et a/.®) indicated that in some plants, chlorogenic acid is the substance 
which is oxidized by phenolase and the oxidation product may polymerize forming 
a brown substance. The reaction for which dopa was responsible was also reported?). 

The author was interested in a well-known fact that leaves of the plants belong- 
ing to genus Viburnum are liable in changing into brown when they are heated or 
pressed between papers for preparing dried specimen. The present paper deals 
with the determination of phenolic substances responsible for the browning and 
the relation between oxidase systems and the phenolic compounds in Viburnum 
leaves. 


Experimental 


Extraction: Fresh leaves were chopped and extracted with ten times their 
weight of boiling ethanol (80294) for 30 min. and the ethanol extract was concentrated 
under reduced pressure in a stream of coal gas. The aqueous residue was filtered 
through a pad of celite by suction to remove chlorophyll and the clear filtrate was 
added with an excess of 10% neutral lead acetate and adjusted to pH 7.0 with dilute 
ammonium hydroxide. The lead salt was treated with 5% acetic acid followed by 
filtration, and dilute ammonium hydroxide was added to make pH 8.5. The lead 


* IV. Chlorogenic Acid in the Leaves of Nicotiana Tabacum: M. Shiroya, T. Shiroya, and 
S. Hattori, Physiol. Plantarum, 8: 594 (955): 
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salt was, after washing by centrifugation, decomposed with hydrogen sulfide in 
ethanol. After removing lead sulfide, the filtrate was concentrated and the concen- 
trate was subjected to paper chromatography. 

Identification of Phenolic Compounds: Identification of phenolic compounds was 
made by Rf value, color reaction on paper chromatograms, U-V. absorption curve 
and alkaline hydrolysis with eluates of phenolic bands’). Ethanolic ferric chloride 
(2%), Hoepfner’s reagent’) and ammonia vapor were used as reagents. 

Crude Enzyme Preparation: About 100g. of fresh leaves were chopped and 
immediately homogenized in a Waring blender with acetone cooled with dry ice. 
‘The resultant acetone pulp was repeatedly washed with acetone until a green color 
disappeared in the washings, and dried im vacuo over conc. sulfuric acid. For the 
measurement of phenolase activity, the acetone pulp was sieved and the powder of 
about 60 mesh was used to make 2% enzyme suspension. 

Measurement of Phenolase Activity: The Warburg’s manometric apparatus was 
used. The composition of the reaction mixture was as follows: 1ml. of Mcllvaine’s 
buffer, 1 ml. of enzyme suspension, 1 ml. of 1/100 M substrate solution in the flask 
and 0.2 ml. of 20% KOH in the center well with a roll of filter paper soaked par- 
tially in the liquid. The substrate solution was tipped into the enzyme suspension 
from the side arm at zero time. In case of the experiments when inhibitor or 
amine was added, 0.3ml. of 1/100M inhibitor solution or 1 ml. of amine solution 
was added to the above reaction mixture. Final volume was 4.2ml. The tempera- 


ture of the water-bath was 30°. 


Results and Discussion 


a. Phenolic Compounds of Viburnum species 

Phenolic compounds found to be present in the 12 species of Viburnum were 
tabulated in Table 1. Since Rf values of the phenolic compounds are remarkably 
affected by room temperature, the amount and the purity of sample to be spotted, 
they are not so essential. On the other hand, each relative Rf value to chlorogenic 
acid did not so vary with conditions, but gave almost constant value. Then the 
relative value (designated as Rc) was used for the identification of the compounds. 

As seen in Table 1, the phenolic compounds contained in the 12 plant species 
are set in four groups. These four compounds gave with various reagents color 
reactions quite similar to chlorogenic acid (Table 2). U-V. fluorescence with and 
‘without ammonia vapor and reactions with Hoepfner’s nitrite reagent suggest that 
the four compounds were isomers of chlorogenic acid. This was confirmed by their 
alkaline hydrolysis; eluates from every phenolic band were hydrolyzed by potassium 
hydroxide, and caffeic acid was detected in the ether-soluble fraction of the hydro- 
lysate and quinic acid in the ether-insoluble fraction. Therefore, it is no doubt 
that the four compounds found in the present materials are all quinic esters of 
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Table 1. Phenolic Compounds in Viburnum species. 


Vibupien phenols | Authentic 
ey a ee ee eee ey Chi 
Rf a 0.88 | 0,740) 0.64 0.75 
Vi dilatatum Re en | 0.99 | J 0. 85 1. 00 
Rf as 0.76 | 0.70 | 0.64 0.75 
V. erosum var. punctatum Re 1) cer oat 128 98 0. 87 1.00 
Date Rf 0.87 | 0,8. | 6-76 | 6:71 0. 82 
V. Wrightu Re al 1. 09ehh. 99: Aaidogseehe’d. SOer ls aaa. 
2 Rf 0.90 | 0.75 = 0. 66 0.76 
V. Sieboldii Re 1 18 0.99 hw 0.87 1.00 
: Rf 0.84 | 0.74 |° 0.68 "|" 0.63 0.74 
V. tomentosum | Re Ltée ats th, Weal) My Seton. S5 1.00 
: ; Rf 0.86 | 0.72.| 0.65 | 0.59 (, 72 
Votphlebortioaee Re | 119°] 1.00 | 0.92 | -0.85 1. 00 
, Rf | Oss} 0.76 )2 = | 0.64 0.75 
V. Sargentt I, RG 2 faaledw) de 00 Se hel 85 1. 00 
Rf MEG” | DAG Ye ee Sip Nahe OGae 
V. furcatum Re italia 1R0t fies? Pi epeh 1. 00 
Y a Vc Re 0. 86 | O74 ids 68 | 04636 Ilo O78 
Veawaruckiy Behl ie [.0,99,,| Us8l. | 084 iin okaoe 
Bg 3: Rf 0.84 | 0.78 — | 0.64 | 0.78 
le ONT Reve nde tata) fe80 ht DOR nT aiesee 
d By ec ae) 0. 80 
V. Carlesii var. bitchuense | ' o Bae | ea 0.86 | 100 
| pauses’ ; De 0. 68 0. 80 
V. branchyandrum os ee ie i _ . a 0.85 | 1.00 

i ‘i 


Developing solvent: m-butanol-acetic acid-water (4:1: 2) 
Chl.: chlorogenic acid. 


Table 2. Color Reactions of Phenolic Compounds in Viburnum. 


| Viburnum phenols |  Chlorogenic acid 
FeCl, Green to gray Green to gray 
Hoepfner’s reagent Orange Orange 
NH; vapor Yellow Yellow 
U-V. fluorescence Whitish blue Whitish blue 
U-V. fluorescence under NH; vapor Greenish blue Greenish blue 


caffeic acid. 


Re values of Spot II in various solvent systems were almost 1.00, consequently 
it is obvious that the Spot II is chlorogenic acid itself. U-V. absorption spectrum. 
of every compound was quite the same with that of chlorogenic acid. Uritani and 
Miyano®) compared U-V. spectra of the isomers with the spectrum of chlorogenic 
acid itself and found a close resemblance among these spectra. This also supports: 
an idea that the four compounds are all isomers of chlorogenic acid. 

The isomers hitherto reported are iso-!, neo-") and pseudochlorogenic acids”. 
Among these isomers isochlorogenic acid is the only one, of which structure, i.e. 
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position of caffeic acid attached to quinic acid, has been suggested. Recently, 
Sondheimer!) discovered another caffeic acid derivative (named “ Band 510”) which 
gave a yellow color with sodium hydroxide, a green color with ferric chloride and 
had Rf value 0.59 in -butanol-acetic acid-water (4:1:5) while chlorogenic acid was 
0.66 (Rc=0.90). The calculated Re values from the reported data of iso- and neo- 
isomers are about 1.20 and 0.84, respectively. In the light of the fact described 
above, it is considered that Spot I and IV are iso- and neochlorogenic acids, respec- 
tively. Spot IJ, which is usually found to be in a small quantity, is not pseudo- 
chlorogenic acid, but corresponds to “Band 510” in its Rc value. Although the 
~ experiment -to elucidate the structure of Spot IJI has not been carried out, the 
author has an idea that the substance may be one of geometrical isomers of chloro- 
genic acid because of the fact that the substance is contained with chlorogenic acid 
as a minor constituent and has a close Rc value. 

The results of the present investigation were summarized in Table 3. It is 
interesting that most of the plants contained not only chlorogenic acid, but also its 
isomers. The distribution of chlorogenic acid has been examined by many investi- 
gators from the various points of view, but these were confined to chlorogenic acid 
itseif except for a few instances. The author believes that there must be some 
interesting problems related to the biosynthesis of chlorogenic acid and its isomers. 


Table 3. The Isomers of Chlorogenic Acid in Viburnum species. 


Isochl. | Chl. | Spot III | Neochl. 
V. dilatatum al ae = ae 
V. erosum var. punctatum — he ag sie 
V. Wrightit = =. ot. Ale 
V. Sieboldit + 4. = | 4. 
V. tomentosum ~ = + Ae 
V. phlebotrichum + =e Bs zie 
V. Sargenti ae ats = ale 
V. furcatum ~ aie | = | 3 
V. Awabuckii + 2h | 4h. | a 
V. japonicum ap ate = =e 
V. Carlesii var. bitchuense a + | Ae | Siu 
V. brachyandrum = she a | eo 


b. Phenolase Activity of Viburnum species 

The browning. reaction in the leaves of Viburnum did not take place when 
oxygen was not supplied, or the leaves were strongly heated. The green leaves, 
which were heated for 30 sec. on a water-bath of about 70°, rapidly turned dark 
brown with remarkable decrease of chlorogenic acid and its isomers. This suggests 
that the reaction in Vibwrnum plants is also caused by enzymatic oxidation of chloro- 
genic acid as shown previously by other workers. For this reason, oxidizability of 
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Fig. 1. Oxidation of chlorogenic acid by Viburnum phenolase in the presence of 


sulfanilic acid or inhibitors. Reaction mixture: 1ml. of enzyme preparation, 1 ml. 


of 1/100M chlorogenic acid, 1 ml. of Mcllvaine’s buffer (pH 6.8) and sulfanilic acid 


or inhibitors in the flask, 0.2ml. of 20% KOH in the center well. 


Total volume: 4.2 
ml. 


Curve a: none, b: 1 ml. of 5x10-2M sulfanilic acid, c: 0.3ml. of 1/100M KCN, 
d: 0.3m!. of 1/100 M diethyldithiocarbamate. 


Viburnum plants for chlorogenic acid was examined by means of manometric method. 
The results (Fig. 1) show the presence of active oxidase activity. In course of the 
reaction, the color of the reaction mixture turned brown and the intensity of the 
color increased with the increase of oxygen uptake. However, relatively rapid in- 
activation took place as reported in the case of catechol-catecholase system!®), 


The brown color formation and oxygen uptake were markedly inhibited by 
cyanide and diethyldithiocarbamate. On the other hand, the activity of phenolase 
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is promoted by addition of sulfanilic acid, and the rate of enzyme inactivation de- 
creased. In that case, however, the pigment formed by oxidation of chlorogenic 
acid is not brown, but red. The red or purple color formation by enzymatic oxida- 
tion of catechol in the presence of primary amine such as aniline has been reported 
by Pugh et al.) and Jackson’. This phenomenon is interpreted as the amino- 
quinone formation by the reaction of amine and o-quinone which is produced by the 
primary step of catechol oxidation in the presence of catechol oxidase. As seen in 
Fig. 1, the addition of sulfanilic acid remarkably lowered the rate of enzyme inac- 
tivation. This is presumed to be a result that sulfanilic acid acted as a trapping 
agent for quinone which was produced by the oxidation of chlorogenic acid and 
inhibited the phenolase activity. Complete disappearance of chlorogenic acid in 
the browned leaves suggests the presence of a certain trapping agent such as sul- 
fanilic acid or aniline. Amino acids are also assumed to be one of the agents. Jack- 
son and Kendal'® reported a similar action of amino acid like glycine, alanine, 
glutamic acid and arginine. When phenylalanine was added to the reaction mixture 
of chlorogenic acid and phenolase preparation from V. Awabuckii or V. Sieboldii, the 
increase of the rate of oxygen uptake was observed (Table 4). The degree of pig- 


Table 4. Effect of Phenylalanine on Viburnum Phenolase 
Oxygen uptake (v1) of chlorogenic acid by Viburnum phenolase with and with- 
out phenylalanine. Reaction mixture: enzyme preparation 1 ml., 1/100 M chlorogenic 
acid 1ml., 9.8x10-3M phenylalanine (PA) 0.5 ml., Mcllvaine’s buffer (pH 6.8) 1 ml., 
20% KOH (0.2 ml.) was placed in the center well. Final volume 4.2 ml. 


30 | 50 


Time in min. . 1 | we | 20 | | 
e mol) 23.) ef 4) a7 | 54 | ee | 76 
Ve waaay Ve ee a ey a i 
np | | 32 | 4e" | so | oo |} 70 
25 68s) a | 04 


V. Sieboldii PA 


ment formation was also enhanced in the presence of the amino acid. Although 
such effect of amino acid is smaller than that of sulfanilic acid, it suggests a pos- 
sibility of participation of cellular amino acids or proteins as trapping agents for 
the primary oxidation product of chlorogenic acid: the quinone will react with 
amino radicals in protein and thereafter complex polymerization will take place 
producing brown substances. This presumption is supported by the fact that al- 
though the brown pigment formed by autooxidation in the leaf extract, which con- 
tains no protein, is soluble in organic solvent, the pigment produced in the leaves 
by heat treatment is extractable neither with ethanol nor acetone. Chlorophyll 
may also take part in the browning reaction, because the browned leaves after 
heating contain remarkably less extractable chlorophyll than fresh leaves. 

In order to examine the nature of each phenolase from Viburnum species, optimum 
pH range was determined, but no significant difference was observed (Fig. 2). In 
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Fig. 2. Optimum pH of oxidation of chlorogenic acid by Viburnum phenolase. 
Oxygen uptake after 5min. was measured in a reaction mixture of 1ml. of enzyme 
preparation, 1ml. of Mcllvaine’s buffer and 1ml. of 1/100 M chlorogenic acid. 0.2 ml. 
of 20% KOH was placed in the center well. Total volume was 3.2 ml. 

every preparation, the optimum pH existed in pH -6.5-7.0. 

In the leaves of V. furcatum, there remains another possibility of the browning 
mechanism as proved in the leaves of Aucuba japonica. The leaves of V. furcatum 
contain a glycoside furcatin, p-vinylphenol apiosylglucoside, and a glycosidase which 
hydrolyzes the glycoside into p-vinylphenol and apiosylglucose’). -Vinylphenol is 
also oxidized by enzyme preparation from V. furcatum producing a light brown 
substance. Consequently, the reaction system that furcatin is first hydrolyzed and 
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then the aglycone is enzymatically oxidized giving a brown color may be pos- 
sibly considered. However, semiquantitative estimation of furcatin on paper showed 
no significant difference in quantity of furcatin between fresh and browned leaves 
and components which markedly decreased were only chlorogenic acid and its iso- 
mers. It is, therefore, likely that the browning reaction system in V. furcatum re- 
lated to furcatin is not essential. 

Thus, the leaves of Viburnum species contain chlorogenic acid together with 
its isomers and oxidizing enzymes of the acids. Though the oxidizabilities of Vibur- 
num phenolases on iso- and neochlorogenic acids were not examined, these acids 
are also assumed to be attacked by the phenolase from the points of view that 
phenolase is generally of wide specificity, and further these isomers as well as 
chlorogenic acid disappear during the browning reaction. Chemical estimation on 
the brown pigment formed in the leaves was not carried out, but the effect of some 
amine or amino acid on the browning reaction suggests the participation of proteins 
in the formation of brown substances. 


Summary 


1. Phenolic substances involved in the browning reaction in the leaves of Vibur- 
num were examined. It was found that chlorogenic acid was the principal sub- 
stance, which is always accompanied by the isomers. 

2. A substance, which gives the same color reactions as chlorogenic acid but 
differs from the known isomers, was found in the seven species. 

3. Phenolase activity was estimated in nine species and it was found that pheno- 
lase-chlorogenic acid system was responsible for the browning reaction. 

4. The phenolase-chlorogenic acid reaction and the color formation were pro- 
moted by the addition of aromatic amine and amino acid, and a presumption as to 


the formation iz vivo of brown substance was made. 
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Fig. 1 Blue crystals of commelinin ( x 450) 


Table 1. Elementary Analysis of Commelinin 


Water of crystallization 
Subst. (air-dried) : Loss in wt. (115°, P.O;, 1mm, Hg) Found H,O 
1) 3.378 mg. 0.355 mg. 10.27 % 
2) 2.829 meg. 0.275 mg. 9.72 % 


C-H-estimation 


Subst. (anhyd.) : CO, H,O agin & C% H % ash % 
Ly 3.023 me. SEY 1.161 0, 213 yl 2! 4,30 6. 89 
2) 2.554 mg. 4, 808 0. 989 0. 223 Bilao A. 33 Sats 


N-estimation 
Subst. (anhyd.) 6.843 mg.: Ne. 0.0392 ml. (9°, 750mm. Hg): Found N 0.693 % 
Z 8.146mg.: N, 0.0362 ml. (11°, 761mm. Hg): Found N 0.537 % 


“| 


Optical Density 


500 400 300 200 


700 600 
Wave length (my) 


Fig. 2 Absorption spectra : 
Commelinin (from var. communis and var. hortensis) in H,O (4. 43 mg. 


We) 2 Nes ecelayilsh, foil « oily, PAeispnnaliee 
Sass = === 1 % -HCl-treated commelinin in H,O (4.43 mg. %) ;  %maz=643, 591, 
oie 273 mu. 
Commelinin (4,43 mg. %) in 2 % HCl ag. (red solution) ; Wp IAS) 
Clie ema 
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Fig. 3 Paper chromatogram (after Tristram) 
of metalic components of commelinin and 
HCl (1 %)-treated commelinin. (Irrigated 
with 94 %-EtOH on Toyd No. 52 filter paper, 
descending, 23°, 18 hrs. ) 

HCl: 0.5 % HCl used as control. (Ash 
was dissolved in this solvent throughout. ) 

Com: ash (as chlorides) from commeli- 
nin. 

1% HCl-Com: ash (as chlorides) from 
HCl (1 %)-treated commelinin., 
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DY, SSIES, EUS SW) eh, gay Ie ee 
A, Jes, MAC EOES RCRORMMERA 


To, TNC CB aves 


* AF A HED (1936) (haa RY VASP OPH AD LERIEER RUT, FOF YR US] Sipe 


AAS Ly L CHAR 4 BA Asiz Lite 
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LAL, RABRBHL YE ZINA T EY ORR 
ICM LU CHECH SC LPS AV OD ADEEEIL 
HACH), thft+vvyRRSABLITve 
=THADELCRENARCHRT SL, RREO 
eT SARY bMRALHMSHE, CHIETT 
#Y7 CHASE EAS co-chromatography jk 


ae 
He=G 


2 CHES Shr. 

£26, Tristram) Pek ~CREBOT yw 
AVSBBLOT VA) LSBYLOERKEZA, 
PRE AU TA, TFRYOA, FHV ARE 
HtSeeRBCX Cig. 3 BiB). 
f@ LU -c Erlen- 
meyer?) ZICH 5 CRRA LKEZ eT bh TF 
AECSH, WREAVIA, zFRYITA, 
V7 ADFEATERMSHKS 

ae: imma at 

(1) ARBRE: 2VAYVEYHRD p-7e—N 
FRLIETKOR EY KR RUTH C 2n-NaOH icjAhz 
L, Sm PCRBI0TKE LCRIELKE, HCl- 
PEt LC=-FA CHUL, BikRB SRC L 
)fEmR Lito SEREILEIKRE (152.10 mg.) © 
11.83% (17.99 mg.) CHoako 

Rie, 2AVYAV= VOLK MY 20%-HCl He 
STB LIKOb, KRERDCS ABE, 
TIVAYBIOBRENEN=-TN, AYT 
ST Ma— pW, KOBBCHHL, TY 73 Ww 
FJ va— NBC Tit Peckman At FAIT 
ESHEE (55mu) C, Fr74 = vy Get 
Wy) te, ¥foIKRIC OV cit T TC (Triphenyl- 
tetrazolium chloride)10) #icLep5.tT Fra 


Phe Zkc WZ. BR UE 
S 5ITK A O—MAR HIT 


—Akx i Bem LK 
i GEIK): F714 =7V Fr3a-ZA 
CE (LD) 
@ 9.582 mg. 2. 613 mg. 2. 839 mg. 
(27. 27% (29. 63%) 
DB) VAG MOS ates pa fAsulsentes 6. 201 mg. 
(27. 39%) (29. 38%) 


feds, Tra-AlCoW Cit, MICRKD 
84.54mg. KARA ARH, Pertrand ECE 
EULA, 27.00mg., Hiei dMMKARO3I. 94 
WICH 4tT ST VaA— Alsat bro 
DLEORRGRY FBT SL avAVaVIeR 


* Sep A ASE SOR He 
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ENSBRRRTOERIAILKO bMS, 


p7r—-ne 11.8 
Fu74=VY GEE) 27.33 
TMVA-A 30. 78 
F al 69.94 % 


(2) ARERR: av AY) = v4e7KYe Pregl 
IC L 5 CHER EL CIR(E DS EIR. 27 
CIE SN DS. CORGRISDIEDH* att 
CEPETRYVEBLIKLECA, ROLE 
(E* DESH. KE LEBOREL Lic meut, 
K:768mu, Na: 589mu, Meg: 383, 37lmu © 
BDDo 


2VYAVYV=Y CHEK) : Me(%)K(%)NaC%) 


12.615 mg, (0), ef) IGS On28 
23. 960 mg, 0, 45 1n30) 0230 
= ie B= Q. 42 47 (0529 


Vie Ye VSvoT1eZ HC! site ."e7s 
Hic Willstatter © pH He AEH, 2yvA 
Y= VIPBMENCL 5 CAGIEOT NAY SE 
we iRE LC id b BD bARCNELSTEMPMS 
M1Do 

Aeon ey, FAV ee S00 eh ate Moe ICL 
10 m1. (CYS L, Si C307 IRE L CARER, 
AMOR EICILMOBRtbASHigdoke. TO 
VAVICSEIKT Va—7v 5Oml.#mMzoeet, Bd 
CE RBOB AUDA L, LBILRAREY 
HOS Ub rie lO, 85% 7 VA-NE 
tho CHIRT 4S. I 370mg. 

cee 10ml. O7KICARL CHE, FEKT 
a—y 20ml. HAIN C 2S & 
EDEEAMICI MKS, BREOMKE 
HED PTHs So Wr 40 mg, 

RAO RRBMITCS BIS 20ml. O4EKKT WV a — 
VeBADIGBINL, BACLT RRL, StKic 
LV LACKRO 55 OH 105 meg. we Cig. 4 
Bll8)o 

AsitayvAV =vORe@memU<, 290° 
DAE Cus RRB Li \ 0 

COMM me avsY =vORRinéhkbo~ 
TC, 50% W/v) 7Fra—nC LARA Lea 
gearpF7F7atit, MBL R077 RL 


ee aoe aa. 


foo TRB AV AYV=AYOKARKLE 


CPIDH LT b RAED BNSC LAVAL 
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PE MPIOR RIC C, Boke ERARDOSN 


Teproteo 

He fi LTH ICSD HO me Rie Tab. 2 O78 
)CHDo 

tithb, HME eee iinblan CLK 
CAME ME LT) ATs OMY LTS E EDM 
DBAo 


CC CHBWH ay AY = YOK Gk) 
wa teiic kos CHB BP RFT 7 4 eS 
sito Tristram Fee ES Ce bhezZ Bea hZ 


Fig. 4 Blue crystals of 1 % HCl-treated 


commelinin (x 2000) 72 (Fig. 3B LHS DNCAY DADRA 
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Fig. 5 Infra-red absorption spectrum of commelinin (from var. communis and var. hortensis) 
and HCl (1 %)-treated commelinin 
Table 2. Elementary analysis of commelinin treated with 1 % HCl 


Water of crystallization 
subst. (air-dried) = oss im wt. (ll5°, PsO,;, dimms His) Found H,O 


ID) Bake) way, 0.346 mg. 10.32 % 
2) oa OC7 me 0. 298 mg. 9.69 % 
C-H-estimation 
Subst. (anhyd.) : CO, HO ash ; C % H % ash % 
1) 3.004 mg. 5), SO! 1, 089 0.185 besos 4. 06 6. 16 
7) Pe the) “inakes. 5. 449 1. 060 0. 123 ap} ill ATOM 4, 43 


N-estimation 
Subst. (anhyd.) 5.075 mg. : Ne, 0.014ml. (26°, 758mm.Hg): Found N 0.13 % 


4 3), (ore) seeker, 2 INI 0 : Zan | 0 
S-and Cl-estimation negative 
T EnkKS—-RLe. Ek 1/40 £1 - He LOWS FAY Y AAMC Eo th 
TRYG A (PH 6.0) PCOMMBRART I RAILWe EBM SDICASINe ies, ZO 
VT HS OPK REIL E aie <M CH oko PRLS Het bY DAILBEH < HEEEOR 
DABIRASZ br Fig. 5) LOW MB~R HORA Lich OCH S*, 
HBOBINASF br (Fig. 2B) CH LTCS, KICHIR—-MLL av AYay Sih) % Pregl 


Gee); = VOVFRUIR EO 2, 3 DFG iH KNOW Th Ba) Bh) VAN ue fee bee ree LAA 
BRED SCH So 
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RC LD ABE LU CIRIEL KLE ZA, 4.31% 10 
HST SABRES, BEPC IS 
SP RICAOERERLKO LEY CBES, 
MA Gk) Me(%) K(%) Na(%) 
@ 9.445mg. 0.44 0.06 0.51 
@ 18.605mg. 0.55 0.02 0.40 


vs 0.50 0.04 0.45 
ERAERAC OCH, MEROAR Kot 
Jem LIGRILKO Lib CH), 


oy 8 Te Pa oe 
(47K 44) GEILE) 

@ 9.050 mg. 2. 580 mg. 2.769 meg. 

(28. 51%) (30. 60%) 

(2) 9.858 mg. 2.730 meg. 2.899 mg. 


(27. 69%) (29. 429%) 
2YAVYV=YEOROL ELA LERADHSN 
TEWG 

(B72 YAY = VYOWARY 4 + vv 2ERSHS 7 
YA-74b IR 1200428 LC7 AY SER 
Wh, ARILRBLANT, ERBALLICVM, 
it PRISE BA CONeARREGALS, RE 
mem < SEEROSSZBREOT) KAANK 
RemlitSo LbcnmsSBbSns>AKS He 
(i, Mg DHALBBACXS. 

DELO SRB Reb, 2aVAVRNVItCLZE 
BLCTWATVAVSERK Ch, FORE 
(LAB cE BSC LARENKOCH 
Sirb, CORBMMAILBiCSaTY bY TAay 
DT UMA VE CieieVe EASA CHD, BO 
BUPICRL Ch, BEM bNicWomD= Ud, 
LCTRYUARERBALEW LEV BE, B 
BDA A EUCABR NE RARCRLCWSZTEX 
RS $bDCHAI © 

& b= 


2YAVY SY ORGAN MICOV COW LOD HH 
Wkol, CORFHKDNM HE OB SAN 
TEaEOCH ODM, COVEN, RHBTS 
CED CE IgV 30% UE < OR AMDA OD FFFEA FH 
Ie Sil = OG Bear ear apart ys mr 
REDOX SRIC AS UCHR / kK OG: 1 
> 5) CLAECEREAT OF, Bos BeEOTe 
SICA ABRDSARERKLEREDT AA=Y 
CH4TAARY POEAIC TREY POUL 
CRU EBE DAR Y bBABHZC ETCH So 
Lith, GPa OU TY == TRADECRIE 
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RUE, BEND CHU TEA OD IEA IEP Zc LDR 
WHAS ole So LAN F 27 — Pe / HER IKCA: 
1:5) CEARMLEBRSICLHNS, LHL, 
2YAVY= 7 ROUT A—M CLAR LEB 
PLM—OGEDARY PROC, Kio 
FUICH4S Sb DIDEIIE PCO MI Riel sg 

CALE D BEVELED CG EL re eS th Ee 
LROSNEOC, COMEUMR iti L RIT 
mine OL ie, SX BVMeC Lo ctayazy 
= VDF ORRICBE LC ALOLMAHS, 

COREG ED MEY, WZ e~ PRICED 
WHE LIED b, TAK-CAME LCR BR Areas, 
SHY) TRB LDC KE CWI SZBKE LT 
BORAT, PAITILicbiedok. CO’ 
PEO Clete, HALA PERI ILIS EE, wR 
VO S - SEI BTC RUINLIBMEG, DO7=— y 
Y TRRICSON TTC ORIERIGILBMECS 
PIMICILEIS PT EF (EL ARRMBC Mote. L 
DL, THA VIG THE, 7 = 7 — HED IE 
BMELC7 BRT VY VARs bOI 
BIBPVYEAFFIT7FICL 5 CHMANK. ERT 
=J—-MANMARVYIBKINCIL, P+ VRB 
DRIP TbAFAI74CLoCHBANKO 
C, BEDS FTFIRIA FICMRERBMECHAS 
EB ANS. TERMIMARZ bn Cit, 327, 
270M n CHEN RILGADR BDH, av x 
Y= YORI BI SWINK LEE —=ELT 
ViBo 

AEE COLTA, CORMMEO KAM AIC 
Oly Clk iets Hao TSM, WL EOBAs 
By Ze WS VAR Be IS, NW yd eee 
BUY 4 (CF PY AS) 2 EME, CORAM TZ 
7FRIA FERDEDCOMKIC HPA 5 CWA 
DEBAZSNAd 

Libik, ARCH OREO T A A= v5F 
1, HERLTERSOENAWGLCAVA Va 
VICM AT HEAHBATSLOCHAI A» EO 
Pa] CAT TZ HBA 7 AEE PEPE AUT ons, 
Dis Eb PH MO MME + ARICA EF SD 2 
EMCELALE TCE, THICKE AH ERHORA 
VL, ASAD Gabe BIC CD PR & KD Felt tLe b 
ils 5 Ci Ao 

Lal, —H, RMO7 FHI 4 KFRYMROR 
FEDAD SHAD CHADS, Robinson  Co- 


ey 


pigment Bb ERMMT ST LILCH EA, S 
HoH CORMMAI, FasavervT7F 
YY AOR AS AICI MAT OCE 
MkoCAVAVaVICRUSFEORE 


hes Eas 


1959 “F 7—8 FA 


WACGHCILS hkUy ABER S Chae eS, 
PEE WH 4900 DAR BT YRYTAaYR AY 
AV=VCHAD LMRSHS. 

fur, E. Bayerll) (1958) jkv Fa ~ #7 


Table 3. Analysis of Individual Components of Commelinin Molecule 
Component Molecular Ratio Theoretical Experimental 
or atomic of value (as value 
weight components M, W.=4900) 
Mg Awe 1 0. 49% 0. 429 
K 3), il 2 NS) ey 
(Na) 23.0 1 0. 47 0. 29 
Delphinidin , es 97. 33 
(as chloride) 339 é aI cit 
Glucose 180 10 36.73 30. 78 
p-Coumaric 164 r 13. 38 11.83 
acid 
Unknown subst. 300+18 ? 4? PAS Ae) Shir ee | gume tindons 
Total 106. 28 72.12+ ? 
Table 4. component analysis of 1%HCl-treated Commelinin 
Component Molecular Ratio Theoretical Experimental 
or atomic of value (as value 
weight components M. W. =4800) 
Meg 24,3 1 0.50% 0. 50% 
K 39.1 0 0 0. 04 
(Na) SS. 40) al 0. 47 0. 45 
Delphinidin 
(as chloride) 339 4 28, 25 28. 10 
Glucose 180 10 Mio 0) 30. O1 
eine 164 4 ites Saree 
Unknown subst. 300+18 ? 4? ASOD ence 
Total Ie eah Les le ee j 


FUTWSZLBRZRM 6 

COLDER, DYGEAFLES bh 
DAVAV=AYPFOMRY, CHECOERS 
RD SHEE LTA. (Table 3, 4818), 
LEORRNSLD CHEECH Sc Lit, 1B 
FOeFRYYARHDE LCT HARV ADE 
PCAICACALL, SSICKMMH EH Cit 
HARE LT) BOMICH< MAL TIED, fisT 
BFA=YO7 2) — VWVEKBIEOD LDR, wY 


(Centaurea cyanus L.) DF TED BARR 7c TE 
CHHELIGEEARORRBBAICOUT, AHS 
TLR FFE & aE BA LC HED BLP Ae EE Leas, 
CORR SNREBCSBILRLET VE aK 
THERM, 2Y2 VY =YOBSL Ria tS, 
LOL, COP LEG RiwHRRRORALY 
fio CH Rat Licttiudtte Sich, 

BE DILCD LS PBRLLEMLOO, 265 
CWACHDSSC LCL oC, eS ec 
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Bt 5% y) ) CH Do VIG TLISTA EO MEE LARD HT LE Vf Ee 4. 
MOCHA, MRL SECM SeBdbot A bE RAKSE BER ORE, ca 
TR AMER, mt ae SEA ly esd ee BS RHORRE eee! SOIMHEOD AME WI WRT AD o 

Summary 


(1) A blue anthocyanin was isolated in crystalline state from the petals of 
‘““Awobana’’-plant (Commelina communis L. var. hortensis Makino) Gin Wie, IK, ial 
was shown to be identical in all respects with the blue crystals previously obtained 
from the petals of wild commelina (Commelina communis L. var. communis). We 
propose the name ‘‘commelinin’’ for this blue anthocyanin. 

(2) Commelinin seems to be a high molecular compound, which is non-dialysable 
through semi-permeable membranes. The estimation of the individual components 
gave the following results: p-coumaric acid 11.83 2%, delphinidin (as chloride) 27. 33 
% and glucose 30.78 %, Mg 0.42 4%, K 1.47 2% and Na 0.29 2%, respectively. 
Probably, Na is not inherent to the pigment molecule. 

(3) On treatment with 1 2 hydrochloric acid, commelinin loses its alkali metals 
altogether. The resultant product, which is still bound with Mg as before, is also 
convertible into brilliant blue crystals (cf. Fig. 4). Therefore, it is concluded that 
the blue color of commelinin is not due to an alkali phenolate of anthocyanin. 

(4) Mg remains fixed to the pigment molecule even after treatment either with 
EDTA or cation exchangers. Of course, no perceptible color change occurs in these 
cases. 

(5) Besides, commelinin seems to contain an appreciable amount (25—30 23) of 
an unknown substance, which is pale yellowish in color and is presumed to be a 
flavonoid. 

(6) To sum up the analytical results obtained, commelinin is a co-ordination 
compound, in which one atom of Mg combines four molecules of awobanin(delphinidin-3 : 
5-dimonoglucoside+ p-coumaric acid) around it, and an unknown flavonoid-like 
substance is further brought into association with it (cf. Table 3 and 4). 

od ik 

1) Willstatter, R. u. Everest, A. E., Liebigs Ann. Chem., 40]: 189 (1913). ; Willstatter, R. u. 
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Effect of ATP on the Rate of the Protoplasmic 
Streaming in Nitella 
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Goldacre and Lorch (1950)') demonstrated that the flow of endoplasm in Amoeba 
discoides occurred in distal direction from the site of 1-3% ATP injection. Kamiya 
et al. (1957)*) reported that ATP (2 x 10-3M) admitted from without markedly increased 
the motive force of the protoplasmic streaming in the plasmodium of Physarum 
polycephalum and that this effect manifested itself several minutes after the reagent 
was added and continued several ten minutes after the reagent was removed. Fur- 
thermore, using adenylic acid (AMP) from both muscle and yeast, Kamiya et al. 
could not observe any effect whatsoever comparable to that of ATP. MHatano and 
Takeuchi (1959) showed the existence of ATP in the plasmodium of Physarum 
polycephalum at the concentration of 0.4x10-°M. These experiments favor the as- 
sumption that ATP may serve as the direct energy source for the protoplasmic 
streaming just as it is for muscle contraction and other energy requiring physio- 
logical processes. 

The effect of ATP on the protoplasmic streaming in plant cells which are 
equipped with cell wall, or dermatoplasts, has been studied so far but little except 
that on the protoplasmic motion in the stalk cell of Acetabularia (Takata, 1958)". 
It is the purpose of the present experiment to investigate the effect of ATP upon 
the velocity of the protoplasmic rotation in the cell of Characeae. 


Material and Method 


From Nitella flexilis, the third internodal cell (ca. 2.5cm.xca. 400 4) from the 
apex was isolated by means of a small scissors and used as the material. Thus iso- 
lated cells were kept in distilled water for more than 15 hours prior to the experi- 
ment so as to let the cells recover from harm possibly induced by the cutting of 
their adjacent cells. The experiments were carried out using a glass vessel as shown 
in Fig. 1. An internodal cell to be investigated was mounted in a definite medium 
in the concavity (C) which was subsequently sealed with a cover-glass (G). The 
tempersiure of the concavity was maintained nearly constant by a continuous flow 


* Biological Institute, Kyoto Liberal Arts University, Fukakusa, Kyoto, Japan. 3i#i"- 
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of tap water (22.6+0.05°C.) through the tubing (T) enveloping the concavity. The 
whole vessel was set on the stage of a microscope, and the rate of protoplasmic 
streaming was determined as the rate of flow of small particles in protoplasm by 
means of an ocular micrometer and a stopwatch. At first, the rate of protoplasmic 
flow in a cell placed in a Sérensen’s phosphate buffer solution (pH 6.6, M/100) was 
estimated. This control measurement was continued for 20 minutes. Then, the 
medium was replaced with an ATP solution which was made by dissolving a certain 
amount of ATP (Na-salt)* into the buffer solution. After the effect of ATP was 

investigated for 70 minutes, 


te Seems = the medium was again re- 


placed with the plain buf- 


fer solution and the revers- 


ibility of the rate of 


Tap water H : \ a streaming was. observed. 
G Mc rT The effect of AMP (yeast 


: fai ‘ adenylic acid)** at various 
concentrations on the pro- 


toplasmic streaming in the 


Fig. 1. Glass vessel for the determination of the rate 
of protoplasmic streaming at constant temperature. Nitella cell was also examin- 
C. concavity, G- glass cover, ed in a way similar to that 


M: material, T: tubing for tap water flow. : 
mentioned above. 


Results and Discussion 


Changes in rate of the protoplasmic streaming caused by the addition of ATP 
at various concentrations are shown in Figs. 2-6. In these figures, the ordinates 
represent the rate of flow in microns per second, and the abscissas time in minutes; 
the time of the medium replacement is indicated with arrows. 

As seen in these figures, the rate of flow was kept almost constant in the cells 
placed in the plain phosphate buffer solution and a temporary decrease in the rate 
of the streaming or even a momentary stoppage of streaming resulted from the 
addition of ATP. These changes in the rate of the streaming may be partly due 
to the possible mechanical shock caused by the replacement of the medium. 

In the case of 5x10-“M ATP (Fig. 3), the rate of flow dropped to 6/7 of the 
control as soon as the ATP solution was substituted for the plain buffer solution. 
In about 15 minutes, however, the flow did recover from this temporary retardation 
and further speeded up for a while, the acceleration being 6% of the control. This 


acceleration lasted about 40 minutes before the rate came back again to the control 
level. 


— 


* ATP (Na-salt) manufactured by ‘Zellstofffabrik Waldhof ’, Germany. 
** AMP manufactured by the Tokyo Chemical Industry Co., Ltd. 
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The maximum stimulat- 
ing effect of ATP was found 
at 1x10-°M (Fig. 4); the rate 
of streaming was promoted 
by 15% of the control. This 
acceleration was manifested 
with a time-lag of about 15 
minutes and the accelerated 
level was maintained unchang- 
ed for more than 50 minutes. 
As ATP was removed, the rate 
of flow dropped to the initial 
control level within 10 
minutes. 

ATP at concentrations be- 
low 1x 107*M could not affect 
the rate of flow. On the other 
hand, 1x10-7M ATP slowed 
down gradually the streaming 
completely stopped 
The flow 


recover from this 


until it 
within 70 minutes. 
did not 
complete 
when ATP was removed. The 


suspension even 
streaming was completely and 
permanently stopped as soon 
as ATP at above 1x10-°7M 
was applied. 

AMP (<1x107-*M) 
found to cause little effect on 
the protoplasmic streaming. 
In Figs. 7 and 8 is illustrat- 
ed effect of AMP added at 
the concentrations of 5» 10-*M 
and 1x10-°M, the concentra- 
tions at which ATP accelerat- 
ed the streaming. By addition 
Of ANP (le l0eMi, thie 
streaming was always retard- 


Was 


ed. 
Recently, Takata (1958)” 
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observed that 5x10-1M ATP 
strongly increased the velocity 


100 


Control xj0?M ATP of the protoplasmic stream- 
| ing in the stalk cell of Aceta- 
Rel bularia calyculus. But this 

60 eee 


promotion lasted only for a 
40 


buywvasss yuseydojasd jo dy 


brief period of time. In the 
present work, the rate of pro- 


{ ATP removed 


( yas) 


toplasmic rotation in the in- 


TORTS, TEES ternodal cell of Nitella was 
LNs, HE 
Figs. 2-6. The effect of ATP on the 
rate of protoplasmic streaming. 


found to be definitely accele- 
rated, if the acceleration is 


not conspicuous in amount, 
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by the application of ATP at appropriate concentrations. Especially, 1» 10-°M ATP 
increased the velocity of streaming by 15% for more than 50 minutes. AMP gave 
no discernible effect of acceleration on the rate of the flow. The results of Takata’s 
and the present experiments appear to suggest a high possibility that ATP may 


also play a major role in the mechanism of the protoplasmic motion in the cells of 
green plants. 


Summary 


The protoplasmic streaming in the internodal cell of Nitella flexilis was found 
to be slightly accelerated by the addition of ATP in adequate concentrations. Thus, 


in the most remarkable case, 1x 10-°*M ATP increased the rate of the streaming by 


15% with a time-lag of 15 minutes. The accelerated rate was maintained for more 


than 50 minutes. With the removal of ATP, the rate went down within 10 minutes 


to the initial low level. AMP gave no discernible effect of acceleration on the rate 
of streaming in the cell. 
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Studies on the Activities of Fermentation During 
the Growth of Bacteria* 
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Many studies on the relation between the cultural age of microorganisms and 
their metabolic patterns or activities have been reported. It has been demonstrated 
that the protein and nucleic acid biosyntheses are most strong in the lag phase! 
and that the highest activity of deaminase is attained-in the late lag phase or station- 
ary phase?). Beside this, the relationship of the age of the cells to the adapta- 
bility of enzyme formation and to the resistance of cells against some antibial drugs 
has been the subject of many studies. 

The previous work by the present authors revealed that the deaminase activity 
of Proteus vulgaris was influenced by the growth temperature and cultural age”). 
Subsequently, further studies were performed on the activities of several oxidases 
at the initial stage of growth; it was found that the enzymic activities in the log 
phase were generally higher than in the lag phase‘). 

In this paper, the results of the studies on the changes in fermentative activity 
of bacterial cells during the course of growth are reported. 


Method 


Proteus vulgaris was used as the test organism. 

Inoculum cell suspensions were obtained from cultures grown on usual pepton- 
broth agar slant for 18 hrs. at 30°. After washing, they were diluted with sterilized 
water to a definite turbidity in the photometer readings, all possible precautions 
being taken to avoid contamination. 

Bacteria were grown by shaking culture in 1 per cent pepton-broth medium at 
37° for each following time; 10, 20, 30, 40, 50, 60, 90, 120, 180, 240 and 300 minutes. 
At the end of the culture periods indicated, the medium was immediately cooled 
with ice, and then bacterial cells were harvested and washed twice with deionized 


water by centrifugation. They were then suspended in deionized water or Krebs- 


* This work was partially aided by the Grant of Scientific Research from Ministry of 
Education. A part of it was delivered at the 22nd Annual Meetin 
of Japan, October, 1957. 
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Ringer-Bicarbonate solution (for measurement of fermentation), These resting-cell 
suspensions were used for the experiments. 

Ons value was measured by the common method using CO,-Krebs-Ringer-Bicar- 
bonate buffer. As CO, output continued constantly as far as it was estimated, QN: 
values were calculated from the volume of CO, for the first 60 minutes. The con- 
ditions of the measurement were as follows: M/500 NaHCO; was used with a gas 
mixture consisting of N, and CO, in a ratio of 9 to 1. In this case, partial pressure 
of CO, was calculated from the equation of Henderson-Hasselbach. A small quantity 
of O, in this gas was removed by means of yellow phosphorus. After suction, the 
vessel of a Barcroft manometer was filled up with the mixed gas; by repeating this 
procedure several times, complete anaerobic condition was successfully obtained. 

For the measurement of RQ, indirect manometric method was used. In the case 
of CO, estimation, 3N H,SO, was tipped from side arm after 60 minutes of incu- 
bation. 

Oxygen uptake was always estimated by manometery. 

Consumption of glucose was determined by the following method; bacterial 
suspension was incubated with the solution of glucose and phosphate buffer (pH 7.2) 
for 2 hrs. at 30° in an atmospher of N, and CO, in a ratio of 9 to 1. The bacterial 
cells were removed by centrifugation, and glucose in the supernatant was de- 
termined by Hanes method and the amounts of the sugar consumed were calculated. 

Products of glucose metabolism were detected by paper chromatography. The 
bacterial suspension was incubated with glucose and phosphate buffer (pH 7.2) in 
both final concentration of M/30 for 17 hrs. at 30° under either aerobic or anaerobic 
condition. After incubation, the reaction mixtures were filtrated through Seitz’s 
filter and the cell-free filtrate was used for the detection of volatile and non-volatile 
acids. 

For the detection of volatile acids, the acidic solution was distilled by steam, 
then the distilled solution was converted to hydroxamic acid by the addition of 
NH.OH, and this was used as the sample for paper chromatography. As solvent, 
ethanol/ammonia/water (80:5:15) was used and ethanolic solution of ferric chloride 
was sprayed as indicator. Non-volatile acids were detected by paper chromatography 
by using the extract which had been obtained from the reaction mixture with 
acidic ether for 48 hrs.. In this case, ethanol/ammonia/water or m-butanol/formic 


acid/water (4:1.5:1) and bromocresol green were used as solvent and indicator, re- 


spectively. 


Results 


(1) Growth and Comparison of Oxidative Activities. 
The results previously reported» are shown in Fig. 1 and Table 1. As shown 
in Fig. 1, after a lag phase of about one hour, the average cell number was increased 
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Table 1. Oxidative activity towards several substrates. 


Substrate 


L-Leucine 


L-Glutamate 


Time of growth (min.) 


0 10 20 30 60 120 180 300 


A421 243 214 129 165 364 409 322 
87 95 40 70 54 (Al abskey 


3 i — 10 0 0 0 0 


2. 08 — == 0.59" 0872) 4) 25223. 64. 
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Fig. 1. Growth Curve. 

I. Dry weight of cells. 
II. Numbers of cells. 
Ill. Optical density. 
Cited from limura ef al.4). 


exponentially. . From the measurement of 
oxidative activities towards various substrates 
during these growth stages, it was discovered 
that the activity in most of the cases passes 
through a minimum at an incubation time of 
about 30 minutes, to show a gradual increase 
with the further lapse of time (see Table 1). 
The activity of dehydrogenase in bacterial cells 
was also measured in the presence of pepton- 
broth as hydrogen donor. As shown in Table 
1, the level of methylene blue reduction was 
also lowest at a period of thirty minutes of 
growth. 


(2) Measurement of Fermentative Activity. 
It is evidently shown in Table 2 that the 
bacterial cells harvested at the lag phase of 
growth have a low fermentative activity as was 


case with the oxidative metabolism; the bacterial cells cultivated for 120 


Table 2. Fermentative activity of resting cells harvested 
growth stages of P. vulgaris. 


at various 


Time of growth (min.) 


| 
| 2 = 
Qu: | 74 
: | 
Glucose consumed pg./mg. | 303 


ae weight per 2 hrs. 


0 


Reaction mixture stot measurement re QN: : Bact suspension (in KRB 1 
solution), 2ml.; M/5 glucose, 0.5 ml.; H,O, Meceal 


glucose consumption, see text. 
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minutes show the highest activity. Similar trends of activity change were discovered 
also from the results of determination of glucose consumption under anaerobic 
condition, the rate being low in the lag phase cells as compared with that of the 
logarithmic phase cells (Table 2). In both cases the steep rise in activity that occurs 


in a period between 90 and 120 minutes of incubation is perhaps worth mentioning. 


(5) Measurement of Respiratory Quotient. 
In the next place, attempt was made to follow the level of oxidative output of 

CO, with glucose as the substrate, because in the present study the cultivation of 

bacterium was carried out under aerobic condition. As presented in Table 3, the 


RQ values were about unity at every phase of growth. 


Table 3. Respiratory quotient measured with resting cells of 
P. vulgaris harvested at various growth stages. 


Time of growth (min.) 0 10 20 30 40 50 60 120 180 240 300 


RQ 108 0285 1 0820.97 109-07 T0402 WEA 0) 07 


Conditions of measurement: Final concentration of glucose and phosphate 
buffer (pH 7.2) M/30 and M/25 respectively; temperature, 30° (see text). 


(4) Oxidation of Glucose. 

To examine whether the mode of utilization of glucose by the bacterium 
should be altered in some stages of growth, estimates were made of the total oxygen 
uptake in the presence of M/1000 glucose. Table 4 reveals the fact that there are 
only certain insignificant variations in the rate of oxygen consumed through various 


stages of growth. 


Table 4. Oxidation of glucose. 


Time of growth (min.) i) 10 30 60 120 240 
Total O, uptake (pl.) | 198 190 212 195 197 7 
Theoretical value (yl.) 373 


Conditions of measurement: Glucose M/1000; phosphate buffer (pH 7.2) 
M/500. Temperature, 30° (see text). 


If an amount of M/1000 glucose was to be completely oxidized, theoretically a 
volume of 373 ul. O, should have been consumed, so the oxygen consumed practically 


in this experiment amounts to about 50 per cent of theoretical value. 


(5) The Effect of Various Inhibitors on the Oxidation of Glucose. 

The inhibitory effect of representative inhibitors including CN, NaF, AsO, and 
MIA, on the rate of oxidation of glucose by the bacterial cells was also investigated 
No significant difference was discovered when the cells at various growth phases 
were compared with this respect (Table 5). Therefore, it will be inferred that there 
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; was no essential difference in the 
Table 5. Effect of inhibitors on 


glucose oxidation. actual mechanism of glucose oxidation 


“<= Wt “iL 5 ee: : throughout the growth phases studied. 
| Time of growth (min.) 
ee | “0 40 30 .60 120. 240 (6) Examination of Metabolic 
[_-- —_—_—— Products of Glucose. 
Inhibition (%) 


If the pattern of glucose metabo- 


KCN (M/1000) |} hey Renll, tSk83 EF ; 

MIA (M/1000) 96 90 89 90 91 91 lism should be altered during the 
NaAsO, (M/1000)) 54 47 50 51 37 68 course of growth, the constitution of 
NaF (M/500) | 14 14 20 21 26.19 the resulting products must also be 
Conditions of experiment: Final concen- altered. In order to detect organic 

trations; glucose M/30, phosphate buffer (pH acids produced as a result of glucose 


7.2) M/25, and temperature, 30°. Inhibitors 


dded at 0 time fermentation by 12 vulgaris, tae te= 
were a ed a Inve. 


action mixtures at appropriate stages 
of incubation were analyzed by paper chromatography. In this way spots for suc- 
cinic and lactic acids were discovered in the chromatogram; lactic smaller in concen- 
tration as compared with succinic acid. Succinic acid was identified enzymati- 
cally, and lactic chemically. Another spot for an unknown volatile acid was obtained 
in the paper chromatogram. In all the growth stages studied, lactic and succinic 
acids and the above-mentioned unknown volatile acid were discovered in the fermen- 
tation mixture. No evidence for the formation of other organic acids was ever 
revealed. An experiment, on the other hand, was carried out to detect the for- 
mation, if ever, of organic acids under aerobic condition. Prolonged incubation of the 
organism with glucose for 4 and 7 hrs. unvariably gave negative results in this res- 
pect. A faint spot for succinic acid, however, was discovered in the chromato- 
gram of reaction products of 2 hrs. incubation. This seems to suggest that the 
above-stated negative results in the 4 and 7 hour experiments were most plausibly 
caused by the further consumption of the substance once formed in the reaction 
mixture. 


Discussion 


As cited above, the activities of protein- and nucleic acid-biosyntheses, enzymic 
activities, resistance against antibial reagents, and adaptability of enzyme formation 
etc; have been proved to vary with the factor of the age of the population, whether 
it is young or aged. 

When study was made of oxidative activities of glucose, amino acids, organic 
acids and pepton-broth as substrates, generally there could not be found any signi- 
ficant difference among these activities during the growth, except the cells in initial 
log phase, the activity of which was higher compared with other cells. As de- 
scribed in this paper, the fermentative activity and the rate of glucose consumption 
were found to rise at a period of 120 minutes incubation of bacterial culture. How- 
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ever, respiratory quotient and effect of respiratory inhibitors on glucose oxidation 
‘were found to change insignificantly when the cells harvested at any period of the 
bacterial culture were used. Therefore, energy yielding system seems not to change 
essentially through the course of growth. Further studies, however, are necessary 
to clarify the relationships between metabolic activities and growth phase. 

It was demonstrated that P. vulgaris formed a considerable amount of succinic 
acid from glucose under anaerobic condition. As the mechanism of succinic acid 
formation under anaerobic condition, some enzymic systems can be considered. 
Among these systems oxidative condensation of two molecules of acetate as stated 
originally by Thunberg® is most probable. This reaction was demonstrated in Aero- 
bacter aerogenes and in an extract of Tetrahymena"). Recently, it was also reported 
in pig heart muscle by D.D. Davies”. 

In the present study on P. vulgaris, it is presumed that succinate is formed by 
this condensing reaction, because the succinic acid was proved to be formed from 
pyruvate and ATP, but not from other possible intermediates of pathway of succi- 
nate formation®). To elucidate the mechanism of succinate formation conclusively, 


‘further detailed experiments are necessary. 


Summary 


Metabolic activities of Proteus vulgaris with glucose as substrate, were investi- 
‘gated with special reference to the influences of the age of the culture. Changes 
in activities of fermentation (together with the respiratory quotient), consumption 
of glucose, and organic acid formation from glucose, as well as the extent of inhi- 
bition of glucose oxidation by various respiratory inhibitors were followed, using 
bacterial cells in a state of “resting cell” suspension harvested at various stages 
-of growth. 

The fermentative activity and the rate of glucose consumption were found to 
‘be subject to a steep rise at a period between 90 and 120 minutes of incubation of 
‘bacterial culture which corresponds to the logarithmic growth phase. Otherwise, 


no significant change was ever discovered. 
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Correction 
by Hiroyuki HIROSE* 


In the thesis titled “Rearrangement of the systematic position of a thermal 
alga, Cyanidium caldarium (Vilden) Geitler’” which was published on the present 
magazine vol. 71, no. 844, pp. 347-352 in Oct. 1958, the author concluded that Cyani- 
dium caldarium which belonged to Cyanophyceae should be transferred to Rhodo- 
phyceae, and also he gave this alga a new name, Rhodococcus caldarius (Tilden) 
Hirose. Later, however, he noticed that this name was contrary to the International 
Code of Botanical Nomenclature. Hereby the author wishs to declare that Rhodococcus 
caldarius (Tilden) Hirose is an illegitimate name under the code and the correct 
name for this alga is Cvanidium caldarium (Tilden) Geitler. 
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Since the pioneering work of Dalitzsch (1886) had appeared, several investigations 
have been made concerning the structure of plastids in variegated leaves (Randolph, 
1922; Yasui, 1929; Zirkle, 1929; and some other workers). However, during recent 
two decades, no communication has been presented on this subject, until Strugger 
and Losada-Villasante (1956) published the detailed studies on plastids using vari- 
egated leaves of Chlorophytum comosum (forma medio-albinata). According to their 
observation, albicated plastids found in variegated leaves are characterized as fol- 
lows: (1) devoid of pigment, (2) amoeboid in form, (3) small in size, (4) vacuolate 
in structure, and (5) small in granum number. 

In characterizing the albicated plastids in variegated leaves, it is necessary to 
study the structure and development of albicated plastids in detail appearing in a 
variety of plant species. The present study deals with this problem using various 


variegated leaves belonging to the chlorophyll type***. 


Materials and Methods 


Materials used in this study comprise 41 species of wild and cultivated plants 
belonging to 22 families (Table 1). For studies on the development of plastids, 
Agave americana var. variegata Nichols and a variegated form of Alhum fistulosum 
were used. 

Sections of albicated and normal green tissues of variegated leaves were pre- 
pared by free hand technique. Observations were made with preparations, vitally 
or after staining with rhodamine B (0.1%) or Sudan IL solution, using either light 


microscope or fluorescence microscope. 


* jn part of this study was presented at the 29th Annual Meeting of the Genetics 
Society of Japan held at Sapporo on Sept. 3-5, 1957. 

** Botanical Institute, Faculty of Science, Tokyo University of Education, Otsuka, Tokyo, 
Japan. RRAGA PHS RAY PAS 

##* Hara (1957) classified the variegated leaves into four types: (1) chlorophyll type 
(deficiency of chloroyhyl!), (2) air-space type (presence of airial space just below the epi- 
dermal layer), (3) epidermis type (peculiar epidermis), (4) pigment type (occurrence of pig- 
ment other than chlorophyll). 
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Results 


I. Structure of albicated plastids appearing in mature variegated leaves. 

In order to see whether or not the albicated plastids in variegated leaves of 
various plants show five characteristics mentioned above, their color, form, size, 
vacuolization and number of grana were carefully observed under the microscope,. 
in parallel with those of normal green chloroplasts side by side. In addition, fluo- 
rescence and Molisch’s reaction (reduction of silver nitrate) of these two types of 
plastid were examined. In many plants investigated, it was found that the normal 
chloroplasts in green portion of mature variegated leaves were green, disk-shaped 
(ca. 54 in diameter), and contained 40 to 50 grana, but were not vacuolate in every 
case. They were red-fluorescent and reduced silver nitrate. On the contrary, a 
conspicuous difference was observed in the structure of albicated plastid within 
the plant species examined; the results are summarized in Table 1. 

From the table below, albicated plastids can be classified into following five 
types as regards color, form, size and vacuole: 

Type 1. Plastids being chlorophyll-deficient, amoeboid, small and vacuolate 
(Pl, TV: Figs. 7a=d). 

In this type 21 species are included: Thujopsis dolabrata Sieb. et Zucc., Juniperus 
chinensis L. var. procumbens Endl., Zelkova serrata Makino, Hydrangea macrophylla 
Seringe var. otaksa Makino., Camellia japonica L., Ajuga decumbens Thunb., Glechoma 
hederacea L., Plantago major L. var. asiatica Decne., Ligularia tussilaginea Makino, 
Arrhenatherum elatimus Mert. et Koch var. tuberosum, Phalaris arundinacea L. vat. 
Picta L., Acorus gramineus Soland., Chlorophytum comosum Baker, Chlorophytum elatum 
R. Br., Hosta undulata Bailey (forma medio-albinata and forma albo-marginata), Allium 
jistulosum L., Aspidistra elatior Blume, Liriope graminifolia Baker, Agave americana 
var. variegata Nichols, Alpinica chinensis Bosc. 

Type 2. Plastids similar to normal green chloroplasts except their smaller size 
(Pll, MUL Wehisass eh enavel tee Slev Ekarel (oy) 

This type includes 4 species belonging to Pteridophyta: Adiantum cuneatum 
Lang. et Fisch., Pteris cretica L. var. albolineata Hook., Pteris engiformis Burm. var. 
victoriae Baher., Pteris argyvrea Moore. 

Type 3. Plastids which are not amoeboid but spherical or elliptic (Pl. III: Figs. 
1 te Gey ehavel JNMop\, 

This type includes the following 11 species: Polygonum persicaria L., Polygonum 
orientale L., Fagopyrum esculentum Moench., Sedum lineare Thunb. var. albomargina- 
tum Makino, Kerria japonica DC., Elaeagnus pungens Thunb., Fatsia japonica Decne 
et Planch., Osmanthus ilicifolius Stand., Ibomoea Nil Roth., Erigeron philadelphicus L., 
[vis japonica Thunb. 

Type 4, Plastids which are not vacuolate (Pl. III: Figs. 1b, 2, 3b, 8, 9b and 10) 

This type includes 13 species as follows: Adiantum cuneatum Lang et Fisch., 
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Table 1. Characteristics of albicated plastids in mature variegated leaves 
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YALA FF) | 
Hydrangea macro- e | | 
phylla Seringe lee _ amoeboid © a | ale - Ps 
Z oe or pale | or : | 4. | (4) | 
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nO (7 Yt) | | 
ss weds : pale green | a 
Say ad ade or | spherical 520 | 1 & = Ae 
Ditaex wee) yellow | | | 
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zonale Ait. (£v or pale y 5.0 | (5) = 
DP A A yellow 
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Camellia japonica 
L. (y-23>) 
Elaeaggnus pungens 
Thunb. | 
(GAY 22 yw >) 
Fatsia japonica 
Decne. et Planch. 
(Gury) 


Aucuba japonica 
Thunb. (7 ++) 
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Hosta undulata Sate 
colorless 


Baily (ayx#Axy 
5 ot aul or amoeboid 4.0 " a ate = = aay 
“ medio-albinata” pale green @ 
Po | oe ole 
“ elbo-marginata” “ W 4.0 aL = 
. (4) | = ae || lL 
Pres 16" 
Hemerocallis fulva Pye et Ree 
L. var. Kwanso areeboid e (Mes 
Regel 7 sor 1.4 5 = + Hh 
Cra. very spherical (3) 
Allium fistulosum P 3 4 0 -12 ar 
i! ( = #2) / “ 18 (6) Sire eis KK 
Aspidistra elatior P2le x tea ee | 
5 e = L1OW ) “ut eG 
Blume (+7 v) a Ge habs 2 = (4) = = 
pale green 
1 1 
=F “ Pepa coloriess | 
ne ae Pe 0-5 eae Ur: 
(+ = Sk yellowish : (3) eee ie ge Ise 7G, Bl 
earee) eieen and b. 
Agave americana : 
var. variegata colorless 6 0) =15 | Fi. Ns 
Nichols "of fj soe ee eee sa ye 
(hav er sy) pale green a and b. 
aoe : colorless ; 
Tris japonica sa nkeetth tas : : 0 -10 
ioc. Cee ai) Rey spherical ee! Ghul ae | ae ae | 
VELLOW 
Alpinica chinensis amoeboid ee 
Bosc. colorless or 4.6 (3 + a 
(Ft ueF7 ET) spherical ae | 


* The term ‘garna’ designates the granules which are somewhat bigger than or 
nearly same to the grana of normal chloroplasts. They are colorless or light green and 
are capable of vital staining with rhodamine B or Sudan III solution. 

** Albicated plastids and green chloroplasts were mixed in a cell. 
Pteris cretica L. var. albolineata Hook., Pteris engiformis Burm. var. victoriae Baher., 
Pteris argyrea Moore, Fagopyrum esculentum Moench., Kerria japonica DC., Pelargonium 
zonale Ait., Aucuba japonica Thunb., Evrigeron philadelphicus L., Petasites japonicus 
Mig., Tradescantia fluminensis Vell., Hemerocallis fulva L. var. Kwanso Regel., Iris 
japonica Thunb. 

Type 5. Plastids, the size of which is bigger than or nearly equal to that of 
the normal chloroplast. 

This type includes the following 4 species: Sedum lineare Thunb. var. albomar- 
ginatum Makino, Kerria japonica DC., Camellia japonica L., Elaeagnus pungens Thunb. 

In consequence, it is recognized that conspicuous difference exists from plant 
to plant as regards the structure of albicated plastid, whereas the number of grana 
is commonly small irrespective of plastid-types, as seen from Table 1. Namely, 40- 
50 grana were present in normal chloroplast, while 0-20 in albicated plastids (PI. HI: 
Figs. 1-17). Besides, it is noteworthy that the slightest amount of chlorophyll is 
detectable under the fluorescence microscope in any of the albicated plastids (Table 
1). Molisch’s reaction was also shown to be positive in albicated plastids almost to 


the same extent as in the normal chloroplasts. 
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As denoted in Table 1 (marked with +» ), albicated plastids and chloroplasts were 
often found to be present admixed in a single cell in some liliaceous species. 

II. Development of albicated plastids in variegated leaves. 

Although the structural development of normal green chloroplasts was frequent- 
ly studied by several authors (Diivel, 1954; Fasse-Franzisket, 1955; Grave, 1954; 
Miihlethaler, 1955; Strugger and Perner, 1956, and others), the development of 
albicated plastids has been studied rarely (Randolph, 1922; Zirkle, 1929; Stubbe and 
Wettstein, 1955; Strugger and Losada-Villasante, 1956). 

In the present study Agave americana var. variegata Nichols and a variegated 
form of Allium fistulosum L. were used. In these plants leaf blade is longitudinally 
divided into white and green portions in mature leaves, but this is not conspicuous 
in younger ones. For the sake of convenience, an entire blade of young leaf ‘ca. 10 
x3cm. in Agave, and ca. 5x2cm. in Allium) was divided into five zones from base 
to top of a leaf as follows: 

Zone [: The basal viz. the youngest part of a leaf. In this zone all parts are 
still colorless. 

Zone II: Normal part of this zone is pale yellow and albicated part colorless. 

Zone III: This zone includes a middle portion of a leaf. Normal part of this 
zone is pale yellowish green and albicated part pale yellow. 

Zone IV: Normal part of this zone is pale green and albicated part pale yellow- 
ish green. 

Zone V: This zone lies at the top wiz. mature part of a leaf. Normal part is 
dark green and albicated part yellowish green. 

Both in Agave and Allium, corresponding leaf zones gave similar results as 
follows : 

Zone 1: No structural difference was observed between normal and albicated 
plastids. They were colorless, and spherical or amoeboid in form, average size of 
which was 0.8 to 1.64 in diameter. They contained only one granum, and sometimes 
none (Pl. IV: Fig. 1). Red fluorescence characteristic of chlorophyll was not ob- 
served in both plastids. After staining with rhodamine B, they exhibit pale yellow 
fluorescence. 

Zone Il: No structural difference between normal and albicated plastids; they 
were colorless, spherical or amoeboid in form, and 1.2-2.4p long in diameter. They 
contained none to 6 grana which fluoresced in red under the fluorescence microscope 
(Pi Ve Kies. 2 and. 3). 

Zone Ill: Plastids in normal part were amoeboid in form and 2.0-4.04 long in 
diameter. Each of them contained 10-25 grana. On the other hand, albicated plas- 
tids were 1.8-3.2u long in diameter and, in general ca. 10 grana were present in 
each, while some were free from granum. Moreover, in some of the albicated cells 
it was found that a single cell contains several plastids having one minute vacuole 
(0.84 in diameter) in each. But this was not the case in normal plastids (Pl. IV: 


September 1959 Bot. Mag. Tokyo, Vol. 72, No. 855 355: 


Figs. 4a and b). 

Zone IV: Plastids in normal part were more or less amoeboid and 3-5y long 
in diameter. They~contained a large number of grana (Pl. Il: Figs. 5a and b). 
Albicated plastids were amoeboid or sometimes rod-like (5 1.64) in shape. The 
number of grana in a single albicated plastid was almost same (ca. 10 grana) as 
that found in zone III. Several minute vacuoles were found in a single albicated 
plastid (Pl. IV: Fig. 6). 

Zone V: Plastids in normal part were green and 4.5-6% long in diameter. Al- 
bicated plastids were almost same in microscopic appearance as observed in zone 
IV (Pl. VI: Figs. 7a and b), except that the vacuoles in some plastids were found 
to be larger (1.2-1.6~ in diameter), as seen in Pl. IV: Figs. 7c and d. 

From the observations mentioned above, it is seen that between the normal and 
albicated plastids no structural difference exist at their initial stage of develop- 
ment, whereas this is gradually brought about in accord with the growth of plas- 
tids. For instance, an increase in number of grana gradually occurs in normal 
plastids, as shown in Figs. 1 and 2, whereas in the case of albicated plastids neither 
increase nor new formation of grana is occasionally observed during the course of 
plastid development (1 in zone III and V in Fig. 2). Vacuole is sometimes formed 
only in albicated plastids, and is capable of growing so to bring about an 


enlargement of the albicated plastid as a whole. 
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Fig. 1. Comparison of the number and size of albicated plastids with 
those of normal chloroplasts in Agave americana Var. variegata Nichols. 


—a—: Average size of normal chloroplast. 
—@—: Average size of albicated plastid. 
_-¢-—: Average number of grana in a single normal chloroplast. 


_.@—.: Average number of grana ina single albicated plastid. 
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Basal Apical 
Zone of a leaf 


Fig. 2. Developmental relationship between normal and albicated 
plastids in Agave americana var. variegata Nichols. 
(a: normal part, b: albicated part, g: granum, |: non-granum plastid, v: vacuole) 


Discussion 


Recently, Strugger and Losada-Villasante (1956) pointed out some characteristics 
of albicated plastid: deficient in chlorophyll, amoeboid in form, small in size and 
vacuolate in structure. In our examination of albicated plastids in 21 out of 41 
species of variegated plants studied, all these characteristic points were clearly 
demonstrated (cf. type 1). However, there were several exceptions as follows: 

(1) In some variegated ferns, chlorophyll is nct always deficient in the plastids 
from variegated tissues. Due to the smallest number and size of plastids, variega- 
tion comes into appearance in these ferns (cf. type 2). 

(2) In albicated plastids, there are many which are spherical, but not amoeboid 
(cf. type 3), as seen in Polygonum persicaria L., Polygonum orientale L., Fagopyrum 
esculentum Moench., etc. 

(3) There are several albicated plastids which are not vacuolate (cf. type 4). 
For example: Adiantum cuneatum Lang et Fisch., Pteris cretica L. var. albo-lineata 
Hook., Pteris engiformis Burm. var. victoreae Baher., etc. 

(4) We cannot always attribute the small size to the albicated plastids, because 
they are quite large (cf. type 5) in the following plants: Sedum lineare Thunb. var. 
albomarginatum Makino, Kerria japonica DC., Camellia japonica, L., Elaeagnus pungens 
Thunb. 

(5) Some albicated plastids in Kerria japonica DC., Elaeagnus pungens Thunb., 
etc. are not amoeboid, and neither vacuolate nor small, although they are deficient 
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in chlorophyll. 

In view of these facts, the form, size and vacuolisation cannot be taken as 
essential characteristics for albicated plastids. On the other hand, the number of 
grana in a single plastid was always smaller in the albicated than in the normal, 
as described in Chlorophytum by Strugger and Losada-Villasante (1956). Besides, 
some of the albicated plastids were found to be free from granum in certain plant 
species studied (cf. Table 1). The smallest number of granum, viz. the abortion of 
plastid structure, results in chlorophyll-deficiency in albicated plastids, since it has 
been shown in higher plants that the chlorophyll is mainly formed in grana (Diivel 
and Mevius, 1952; Strugger, 1954 and Diivel, 1954). This is confirmed again from 
the present observation made on albicated plestids at various developmental stages 
using Agave americana var. variegata Nichols and a variegated form of Allium 
fistulosum L. 

Yasui (1929) observed, for the first time, several cells having different types of 
plastids in variegated leaves of Hosta japonica. We could also observe cells with 
mixed plastids in Chlorophytum comosum Baker, Chlorophytum elatum R. Br., 
Hemerocallis fulva L. var. Kwanso Regel and a variegated form of Allium fistulosum 
L. (cf.x* in Table 1). These findings seem important for our further investigation 


of the plastid individuality. 


Summary 


1. Structure of plastids was investigated using variegated plants of 41 species 
belonging to 22 families. For the study of plastid development, Agave americana 
var. variegata Nichols and a variegated form of Allium fistulosum L. were employed. 
The results were summarized in Table 1 and Figs. 1 and 2. 

2. Albicated plastids account for the structural abortion. The number of grana 
in albicated plastids is remarkably small in comparison with that of the normal 
green chloroplasts. Accordingly, albicated plastids are usually devoid of chlorophyll. 

3. In Agave and Allium, the granum in albicated plastid ceased to multiply at 


an earlier stage of development. 
4. Molisch’s reaction is found to be positive in all albicated plastids as well as 


in normal green chloroplasts. 
5. In some species of Liliaceae, albicated plastids and green chloroplasts were 


present admixed in a single cell. 
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Explanation of Plates 


Plate III. Microphotographs of normal green chloroplasts and albicated plastids in mature 
leaves. (Figs. 15 and 16: x1,200. Others: x3,000. Figs. la and 9a: Stained with Sudan III. 
Others: Stained with rhodamine B. P in fig. denotes plastid). 

Fig. 1. Adiantum cuneatum Lang et Fisch. la: normal green chloroplasts. 2b: albicated 
plastids. 

Fig. 2. Pteris cretica L. var. albo-lineata Hook: albicated plastids. 

Fig. 3. Pteris engiformis Burm. var. victoriae Baher: 3a: normal green chloroplasts. 3b: 
albicated plastids. 

Fig. 4. Thujopsis dolabrata Sieb. et Zucc.: albicated plastids. 

Fig. 5. Juniperus chinensis L.: albicated plastids. 

Fig. 6. Juniperus chinensis L. var. procumbens Endl.: albicated plastid. 

Fig. 7. Polygonum pericaria L.: albicated plastids. ..7a: vacuolated plastids. 7b: non- 
vacuolated plastids. 

Fig. 8. Fagopyrum esculentum Moench: albicated plastids. 

Fig. 9. Kerria japonica DC.: 9a: normal green chloroplasts. 9b: albicated plastids. 

Fig. 10. Pelargonium zonale Ait.: albicated plastids. 

Fig. 11. Osmanthus ilicifoltus Stand. lla: normal green. 11b: albicated plastid. 

Fig. 12. Ajuga decumbens Stand.: albicated plastids. 

Fig. 13. Plantago major L. var. asiatica Decne.: albicated plastids. 13a and b: vacuolated 
plastid. 

Fig. 14. Ligularia tussilaginea Makino: albicated plastids. 14a: non-vacuolated plastids. 
14b: vacuolated plastids. 

Fig. 15. Chlorophytum elatum: albicated plastids. 

Fig. 16. Hosta undulata Bailey (albo-marginata form): cell containing colorless and green 
plastids. (g: green plastid. 1: colorless plastid. v: vacuolated plastid). 

Fig. 17. Liriope graminifolia Baker. 17a: normal green chloraplasts. b: albicated plastids. 
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R. Ueda and M. Wada: 


Structure and Development of Plastids in Variegated Leaves. 


Bot. Mag. Tokyo, Vol. 72, No. 855 Plate IV. 


Plate 1V. Development of normal green chloroplasts and albicated plastids in Agave amer- 
icana var. variegata Nichols, stained with rhodamine B. x2, 000. 


, Fig. 1. Zone I of a leaf: structural difference is not clear between normal green chloro- 
plasts and albicated plastids. Figure shows proplastids in green tissues. 
Fig, 2 and 3. Zone Il: the same as in zone I. 


Fig. 4. Zone Ill: a: normal green chloroplasts. b: albicated plastids. 


Fig. 5. Zone IV: young normal chloroplasts. a: chloroplasts with colorless stroma. b: 
somewhat mature chloroplasts. 


Fig. 6. Zone IV: albicated plastids with small vacuoles. 


Fig. 7. Albicated plastids in zone V: a: amoeboid plastids. b: amoeboid and vacuolated 
plastids (v: vacuole). c and d: spherical and vacuolated plastids, respectively. 


R. Ueda and M. Wada: Structure and Development of Plastids in Variegated Leaves. 


Studies on the Growth of Fruit Body of Fungi I, 
Existence of a Hormone Active to the Growth of Fruit 
Body in Agaricus bisporus (Lange) Sing* 
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Studies on the growth hormones in lower plants are behind in comparison with 
those of higher plants. Buller (1934). introduced an idea of growth hormone to 
explain heliotropism of sporangiophore in a phycomycete, Pilobolus. Borriss (1934)2) 
claimed the existence of a growth hormone in Coprinus lagopus. Development of 
fruit body was stopped by the removal of pileus at early stage. It was concluded 
that hormone occurring in the pileus acts on the growth zone of the stipe. This 
is the first report with experimental evidence on the growth hormone active to 
fruit body. But he gave up further study. Recently Urayama*) (1956) also stated 
the existence of hormone in fruit body of Agaricus campestris (=A. bisporus). The 
present study began in spring of 1957. It has established evidences for the existence 


of a hormone active to the growth of fruit body. 


Materi2ls and Methods 


The experiments were performed at mushroom flats constructed in the dark 
rooms of the Morimoto Mushroom Nursery at Momoyama in Kyoto, Japan.*** As the 
materials, the white strain of Agaricus bisporus (Lange) Sing.**** was used, and some- 
times the snow white strain. About 30mm. long mushrooms were used for the 
material. They were prepared for experiments after the “ pre-treatment,” at which 
the parallel sides of fruit body were cut off symmetrically at the equal distance 
from the central axis of the stipe (Fig. 1). The pre- and’ experimental treatments 
‘were performed under the illumination of artificial light. The fruit body of A. 


* This paper was read partially on Sep. 27, 1958, at the 4th Kansai regional meeting of 
Mycological Society of Japan, held at Kyoto and on Oct. 25, at the 23rd annual meeting of 
the Botanical Society of Japan, held at Fukuoka, Japan. 

** Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 
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“kk The authors are indebted to Mr. H. Morimoto, the owner, for generous accomodation 


in culture flats. 
xk Acaricus bisporus (Lange) Sing., the common commercial mushroom has two spores 


on each basidium. A. campestris Fr. is a synonym of A. bisporus in many cases. 
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campestris (=A. bisporus) has been re- 
ported by Buller (1905)*) to grow quite 
normally in both sunlight fields and 
completely darkened cellars. The fruit 
body is indifferent to light but shows 
negatively geotropical response. The 
pre-treatment did not disturb the 


normal growth of fruit body, at least 


during the experiments, except the 
cases of younger stages or inadequate 
conditions such as excessively high 
temperature or insufficient moisture. 
The pre-treated mushroom has two 
symmetrical planes crossing at right 
angle through the central axis of the 


N stipe. After the pre-treatment, the 
Fig. 1. Procedure of the fundamental mushroom becomes flattened and the 
treatment. A, A’: Cutting off the parallel pileus has gills only at the right and 


side (A’: Top view). B: Removal of the 
gills on one side. C: Removal of the whole j ; : 
gills (used as control). results of gill- or pileus-removing 


the left side-of the cut surface. The 


treatments thus appear as a curvature 

of the stipe. The curvatures were recorded usually five days after the treatments. 

For the histological work, the material was fixed in formalin-acetic acid-alcohol 

mixture for more than 24 hours, then immediately transferred to 70% alcohol with- 

out washing, dehydrated with alcohol and paraffin-sectioned in 8 uw, and stained with 
Delafield’s haematoxylin. 


Observations and Results 


A. Growth behavior of the fruit body. 

Stipe growth after reaching a certain length takes place mainly at the growth 
zone, namely a narrow part just beneath the pileus and above the ring? »°),8),7),8)_ 
This growth seems to depend only upon cell elongation: The degree of cell elonga- 
tion at growing zone measured under microscope with sectioned material, is roughly 
parallel to that of growth of fruit body (Fig. 2). Bonner e¢ al. (1956)®) reported that 
there was little or no increase in cell number in the stipe after about 18 mm. stage 
in the fruit body of snow white strain of A. campestris (=A. bisporus), The material 
mushrooms used for the experiment, about 30mm. long, may therefore be in the 
stage of rapid growth depending only on cell elongation, at least in the stipe. The 


expansion zone of pileus seems to exist near the margin as already reported by 
Bonner ef ai,.®). 
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Fig. 2. A. bisporus. Growth curve of fruit body (©) and cell length in the 
growth zone (@). Averages of 30 measurements. Temperature: 11. 0-23. 6° (cel- 


lar), 14.2-19.5° (10cm. depth of the culture bed). Relative humidity: 83-94%. 


B. Evidences for the existence of growth substance in fruit body. 

Urayama (1956)*) reported that the stipe curved to the gill-free side when half 
of the gills were cut off from the pileus. After this fact was ascertained, further 
experiments were done to confirm that this curvature was neither due to the cut- 
ting nor to transpiration from the cut surface: When whole gills on one side and 
the corresponding region of the pileus surface on the other side were cut off, the 
stipe curved also to the gill-free side (Photo. 1). When gills were removed care- 
fully on one side with remaining smaller amounts of gills near the stipe so as not 
to wound the growth zone, or if the different amounts of gills were cut off from 
both sides of pileus, the stipe curved to the gill-few side. Also only the pileus on 
the gill-abundant side grows and expands normally. The resulted curvature may 
only connect with the existence of gills. Not only the elongation of the stipe but 
also the pileus expansion itself seems to depend on the presence of the gills. When 
whole gills were removed, the stipe elongated only a little and pileus did not ex- 
pand, owing to removal of the pileus margin at which most expansion is to be car- 
ried out; some times these fruit bodies withered up. However, the withering was 


Photo. 1. Stipe curvatures. Parts of pileus- 
flesh on the gill-sides are cut off at right e : 
: : oto. 2. A mica plate (=) in- 
angle (left) or triangular shaped (right) at Photo ee ea 


; : serted 
young stage. Arrows show the operating on 


parts. 


IPHOCONeE: Curvature 
caused by the half-remo- 
val of pileus of Coprinus 
radians at the young 
stage. 


the stipe grew considerably but did curve scarcely. 
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1 
I 


between pileus-flesh and 
stipe on one side of fruit body. 


prevented when only a small amounts of gills remained, 
and further growth took place. Other experiment also 
supports this fact (Fig. 3); with a gap the pileus was 
divided into two parts, the smaller part with gills and 
the remainder, the larger parts without gills. The 
former could live long and grew remarkably whereas 
the latter and the adjoining part of stipe withered in 
many cases. The above-mentioned phenomena suggest 
that the gills supply some growth promoting substance 
to the growth zone of the stipe. 

A mica plate was inserted between pileus-flesh and 
stipe on the one side of the pre-treated fruit body. 
Bending of the stipe to the mica side was resulted; 
the interruption of the streaming of stimulator from the 
gills may be the cause of this bending (Photo. 2). When, 
in addition, the gills of the mica-free side were cut off, 


Some mollification of asym- 


metric distribution of growth substance may be the cause of this phenomenon. 


The curvature of the stipe was also found to occur in the case when the gills 


were detached from the pileus, connecting with the stipe only through the partial 
veil, as shown in Fig. 4. 
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ig. 3. Growth of a part of fruit body connected witha piece of gills, show- 
ing the relation between growth of fruit body and existence of gills. A: Methode*™” 
of treatment (chain line: A notch). B: Result caused by the treatment (dotted 


portion withered). 


aij 


B @ 

Fig. 4. Experiment showing transportation of growth substance through 
partial veil from gills to stipe. A and B: The cut procedure. The pileus is cut 
off from the other part except a connection only through partial veil along a 
notch (chain line). C: Curvature caused by the treatment. 


The vertical mica plate insertion into the center of pileus was kept short to 
avoid injury of the growth zone (Fig. 5-A). This treatment afterwards split both 
the pileus and stipe open and divided then into two flanks (Fig. 5-C). Similar treat- 
ment applied to intact fruit body (Fig. 5-B) led to the same split as in the treated 
fruit body. Insertion of crossed mica plates (Fig. 5-D), splitted the fruit body open 
into four parts. A disproportionate distribution of growth substance between the 


surface and the center of stipe may be the cause of these phenomena. 
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C. Occurrence of the 
similar phenomenon in some 
other fungi. 

When in Coprinus radians, 
C. plicatilis, C. fimetarius and 
Psathyrella candolleana a half 
of the pilei of young fruit 
bodies, in which no rapid elon- 
gation begins, were removed 
on the field, the stipes curved 
also to the pileus-free side as 
in A. bisporus (Photo. 3). But 
when the treatment is per- 
formed at later stages, at 
which rapid elongation of 
stipe has already begun, the 
curvature is not observed, 
perhaps because the sufficient 


amount of growth substance 


r4 \ for the normal elongation has 
C D already been reserved (Borriss 


: bt ae ; 934)?) 
Fig. 5. Methods causing uneven distribution of 1934)”. 


growth substance (Gi: Mica plate. =: Direction of 
stipe splitting). A: Insertion after pre-treatment. B 
and D: Insertion to the untreated fruit body (top 
view). 


Discussion 


It has taken a long time 
since Buller (1934) and Bor- 
riss (1934)”) to step the next progress, perhaps because of the booming studies of 
phytohormones in higher plants, before Urayama (1956)*) stated that in A. campestris 
the gills supplies some growth stimulator to the stipe. In the present experiments, 
the authors have proved that the resulted curvature of the stipe is not caused by 
the cutting treatment itself and found that a certain growth substance occurring in 
the gills moves towards the stipe through the pileus-flesh or the partial veil. 


The material mushrooms used in the present experiment are at about 30mm. 
stage, at which the stipe seems to grow only by cell elongation. The growth stimu- 


lator produced in the gills and transported to the growth zone of the stipe acts 
upon these stages. 


The fruit body withers sometimes when the gills are entirely removed, while 
it lives long so far as any gills are remaining. It is therefore obvious that the 
gills take an important part in the growth of fruit body. 


The fruit body entirely deprived of the gills, however, continues to elongate 
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considerably after some grown stage, alike the cases observed by Magnus (1906)® on 
A. campestris, and Borriss (1934)? on Coprinus lagopus. This fact may show, as the 
latter author pointed out, that the growth stimulator might has already been re- 
served in the stipe tissue after it reached some stage. 

Difference in the amount of gills remaining on each of the opposite sides also 
leads to stipe-bending. A proportional relationship to a certain extent between de- 
gree of curvature and amounts of gills, this is, amount of growth stimulator was 
observed. This fact suggests a possible method for bioassay of the stimulator for 
further investigation, especially in the case of extraction of this substance. The 
fundamental pre-treatment used in the present experiment is found to be a useful 
bioassay method. 

From the phenomenon shown in Fig. 3 or from the experiments with mica plate, 
this substance seems easier to run downwards through the mycelial thread than to 
move laterally. From the fact that stipe curvature is caused by a small amount 
of gills, this substance seems to be active minute quantity. 

The occurrence in gills, the promotion of pileus expansion and of stipe growth 
indicate that this stimulator is a “hormone” according to the definition of Went 
and Thimann (1937)°). 

The observations with fungi other than commercial mushroom, viz. Coprinus and 
Psathyrella, sapport the view that such a growth stimulator or hormone may exten- 
sively exist and play the same role in the growth of the fruit bodies in general. 


Summary 


1) Existence of a growth hormone active to stipe elongation of Agaricus bisporus 
was proved. 

2) Removal of gills from one side of stipe, insertion of mica plate between 
pileus-flesh and gills caused curvature of stipe, showing close relation between the 
stipe elongation and existence of gills. 

3) Growth of fruit body is controlled by the growth hormone produced in gills 
and transported down to growth zone of stipe through pileus-flesh and partial veil. 
The transportation seems to occur much easier in the longitudinal direction than in 
the lateral directions in the stipe. 

4) Growth of fruit bodies of Coprinus and other fungi seems to be also regu- 
lated by the same principle. 

5) A bioassay method of the growth hormone of fungi using fruit bodies of 


commercial mushroom as the tester was proposed. 


The authors wish to express their sincere thanks to Prof. 5S. Imamura and Assoc. 
Prof. M. Hamada for providing the opportunity of this research, and for valuable 


advice and criticism. 
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Effect of Water Economy on Plant Growth I. 
Influence of Water Level Lowering on the Growth 
of Water-cultured Tobacco Plants* 
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The relationship between plant growth and moisture conditions of soil has been 
tackled by many authors.!) However, many of them were mainly concerned with 
xeromorphism or with the influence of drought on transpiration and water econo- 
my, and very few have been worked on the relationship of photosynthetic and re- 
spiratory activities to water economy of plants.”»3)-) 

Water deficiency and temporary wilting of leaves are often observed in many 
plant species in hot and bright afternoon of midsummer, even under the mesophytic 
and high humid conditions in Japan. But it has scarcely been studied analytically 
how the growth of plants is influenced by the water deficit which has temporarily 
been induced by unbalanced water economy. 

In the present paper, it will be discussed how the growth of tobacco plants 
suffers from limitation of absorbing root surface caused by lowering the water 
level of water culture solution. For the elucidation of this, the water deficit, min- 
eral nutrient supply, and photosynthetic and respiratory activity of the plant will 
be discussed respectively, and then the growth sequence will be pursued by cal- 
culating the dry matter production in connection with the leaf water deficit. 


Material and Methods 


As material, Nicotiana tabacum L. “Bright Yellow” was selected for the rea- 
son why it is capable of normal growth even in somewhat weak illumination of 5000 
lux of artificial light to keep the growth condition as possible as constant, and why 
it is favorable to evaluate the amount of roots active in water absorption without 
disturbance of tap root system, as the latter develops rather poor in this plant. 

Three weeks after germination, young plants selected in equal size were water- 
cultured with enameled pots to provide the material for the experiment. Out of 


these material plants three experimental plants per pot were selected, and trans- 


* Supported by the Grant in Aid of Scientific Research of the Ministry of Education. 
** Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. 
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planted again to Wagner’s pots (18cm. in diameter, 18cm. in depth) on April 14, 
1958, the 6th day of water culture, when the root developed about 10cm. in length. 
Great care was of course taken to avoid mechanical damages especially of roots 
when transplanting. The Wagner’s pots were located in a growth cabinet under 
the conditions of continuous illumination of 4500-5100 lux (ten 40 watt fluorescent 
tubes, Mazda, white), at 25+0.5° (the reported optimum for tobacco plant growth 
was 23-29°5)), relative humidity of 49-62%, or 12-9mm. Hg in saturation deficit, 
and CO, concentration of 0.539-0.562 mg./1. 

The water level of culture solution was maintained with some device at con- 
stant depths, 2, 4, 6 and 8cm. (from the top of pot), throughout the course of ex- 
periments. The experimental plants were cultured lest they should shade them- 
selves, and for each set 2 pots were prepared. Boysen Jensen’s.culture solution 
(pH=4.3) was used, being dropped in the pot through a fine plastic pipe to renew 
the solution by ca. 1 liter a day, in order to keep constant levels of nutrient and 
oxygen concentrations. All the values of the latter measured in each pot by Wink- 
ler’s method (at 25°) fell near 7 mg. O,/]. 

Samplings of the material were done after 3, 7 and 11 days from the start of 
the constant water level treatment. At each sampling, fresh and dry weight of 
leaves, stems and roots, and leaf area were determined in two replications for each 
Set. 

Other two series of the same kind of experiments were carried out and have 
shown similar results. 


Results and Discussion 


1. The growth in dry weight: 

The course of growth expressed in dry weight is shown in Table 1. The plants 
had the largest growth of 1755 mg. at the 2cm.-set and the growth declined in par- 
allel with the lowering of water level. The relative plant dry weights after 11 days 
of the experiment were 100, 87.5, 78.9 and 68.6 at the 2cm.-, 4cm.-, 6cm.- and 8cm.- 
Sets, respectively, and this depression is severer than that in the leaf areas, where 
the relative values were 100, 93.2, 84.5 and 78.3. 

For the sake of further analytical comparison of the growth difference, the net 
assimilation rate (NAR) of both extremes, the 2cm.- and the 8cm.-sets, was roughly 
calculated by the following equation (cf. e. g. Watson 1952°), 


AW 


NARS 
F(t,—t,) 


where 4W indicates the increment of dry weight during the time interval of t.—t, 


and F is the leaf area at the time of t,. The NAR expresses the efficiency of leaves 
in the growth rate. The NAR calculated are: 
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The values for the 2cm.-set always obviously exceeded those for the 8 cm.-set. 

As the decline of the NAR would be caused by the depression of net assimi- 
lation (=photosynthesis—respiration) of leaves, the increase of the ratio of non-photo- 
synthetic organs to leaf area (C/F ratio) and the accerelation of respiration in non- 
photosynthetic organs (in this connection, see Iwaki 1958"), further discussions as to 
each of these factors will be done in the following. 

The values of the C/F ratio were 0.97, 1.18, 1.01 and 1.24 at the 2cm.-set, and 
0.97, 1.19, 1.21 and 1.11 at the 8cm.-set, on April 14, 17, 21 and 25, respectively. 
Little higher values were observed in the 8cm.-set than in the 2cm.-set. This is 
because the ratio of root fresh weight to the leaf area was rather larger at the 2 
cm.-set than the 8cm.-set, while in the ratio of stem dry weight to the leaf area 
there was almost no difference between the two sets. At any rate, no signficant 
difference in the C/F ratio was found out between the two sets. Accordingly it 
should be assumed that the difference in the NAR may be induced by the difference 
in photosynthesis per unit leaf area, and/or respiratory activities of non-photosyn- 
thetic organs. 

Table 1. Effect of water level lowering (started April 14, 1958) on the 


growth in dry weight of each organ and in leaf area, and 
active root/Jeaf area ratio (fresh weight/sq. cm.). 


Total Leaf Stem Root Active root 


Water ; aiey Lee { /leaf area 
Date evauds dry weight welche Area eins total aerial submerged nee 
mg. rel; | meg) Sq..cuu) “amg. |mgs) mg. mg. mg./sq. cm. 
2cm. 170 116 aa tf 27 DT 0 AZ 15. 0 4. 38 
Apr. 4cm. 163 110 52. 0 26 26.8 22 4.6 AUP) 
14 6 cm. 166 113 54.6 26 Ze 4 20 2.4 0. 72 
8 cm. 174 119 ev enS) 27 28, 2) 28 0.2 0). 26 
2cm 436 100 3G) 5 102 46 74 46 28 4.4 
Apr. 4cm. 409 93.9 | 295 92 dd 70 38 32 4.4 
iy 6 cm. 381 87.5 | 272 88 42 67 34 33 49) 
8 cm. 383 Bio) Zio 91 38 70 47 23 4,3 
y 2 cm. 929 100 10 Ge 228 102 121 53 68 Dap 
Apr. 4cm. 854 91.8 640 196 oF 122 4] 81 6. 7 
21 6 cm. (ER ATW) GEE alist 77 Wo) Fil) 59 all 
8 cm. 700 758 Seles eeraloil 69 1135 ESO 33 A? 
9 Cue ee livooe LOO Tats 357 201 240 135 105 4.8 
Apr. Aen PaaS 7e 9 87o5 "1165. "333 221 151 61 90) 4.9 
25 6cm. | 1386. 78:9) 1050 302 171 iM} Sl 74 4.6 
5. 0 


| 8cem. | 1204 68.6 | 893 | 280 131 180 107 13 
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The change of the total nitrogen content of leaves was investigated by the 
micro-kjerdahl method in order to clarify whether or no the reduction of active 
root surface below the normal can affect the absorption of mineral nutrients signi- 
ficantly. The results shown in Table 2 were the mean values of three determina- 


Table 2. Variation of total nitrogen content of the tobacco leaves 
(mg. N/g. D. W.) 


Water level lowering Apr. 14 Apr. 17 Apr. 21 Apiane> 
- 9 can i 15 2 32, 8 BEM 31.6 
4cm. 44.8 ay IL Sila 36. 0 
6 cm. 46. 1 Seat Shile’st Diese 
8 cm. 45.5 7.9 34.9 282% 


tions. So slight difference in each set was observed, that it can hardly be suggested 
there was any deficiency of mineral nutrients in plant with limiting water absorp- 
tion. Close relationships between photosynthetic activity and nitrogen content of 
leaves are well known”, It does not seem, however, that the observed fluctua- 
tions in nitrogen content of the tobacco leaves may have any influence on the photo- 
synthetic activity for 7 days after starting the experiment, when the difference 
clearly appeared in the growth. 


2. The depression of the leaf water content: 


The changes of water content of the individual organs were investigated after 
24 hours from starting the water level lowering (see Table 3). All organs other 


Table 3. Effect of water level lowering on the water content of leaf, 


stem, aerial root and submerged root (average values) 
after 24 hrs. of starting the experiment. 


Water level ioe gee agen Water content (per cent on dry weight basis) 
lowering mg./Sq. cm. Leaf Stem Aerial root Submergéd root 
2cm. 4.5 907 1130 1203 1327 
4 em. 4.1 883 1250 1130 1293 
6 cm. 1.8 865 1227 1190 1350 
8 cm. 0.9 820 


1218 1053 oie 


than leaf blade showed no severe depression of water content on dry weight basis. 

The relation between water deficit of leaf blade and water level lowering is 
shown in Fig. 1. Here the water deficit is calculated on the leaf area basis (29 meg. 
H,O/sq.cm. in saturated conditions of leaves) and the grade of water level lowering 
was expressed by the ratio of submerged root (mg. fresh weight) to leaf area (sq. 
cm.), Le@., active root/leaf area ratio, which may also indicate the water economy 
of various plant types to some extent. For further discussion as to these expres- 
sions another paper will be expected in the near future. 
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Fig. 1. Relationship between Fig. 2. Variation of net assimilation (con- 
active root/leaf area ratio (mg. tinuous line) with the leaf water deficit 
fresh weight/sq. cm.) and the caused by various water level lowerings (© 
water deficit of leaf (per cent 2cm., o 4cm., © 6cm., @ 8cm.) and tran- 
on the leaf area basis) obtained spiration rate (broken line, small open circles). 


from various water level lower- 
ings (© 2cm., © 4cm., © 6cm., 
@ 8cm.). 


3. Variations of net assimilation and respiration: 

The depression of photosynthesis caused by the water level lowering was detected 
directly by a modified Boysen Jensen’s method in intact leaves of tobacco plants 
water-cultured under the same conditions as in the experimental series. As clearly 
shown in Fig. 2, the values of net assimilation (mg. C,H,)0,/50 sq.cm./hr.) were 
decreased almost linearly until the leaf water content was decreased by 15 per cent 
below the normal. The respiratory activity of the leaf was hardly influenced by 
the leaf water deficit, its value was 0.49-0.54mg.CO,/50 sq.cm./hr. in each set. 
Therefore, the depression of net assimilation may not be expected from high respi- 
ration with water deficiency, but from the fact that the water deficit of leaves 
usually induces a closure of stomata, and accordingly a depression of photosynthesis. 
as well as of transpiration, as already suggested by Watson® (see also Fig. 2). In 
this paper, however, the grade of stomatal opening was not especially taken into 
account, because the depression of plant growth caused by unbalanced water economy 
can be directly elucidated through the relation between net assimilation and water 
economy. 

The reduction of water contents of roots and stems, as summerized in Table 3, 
was very small, so that it seems the variation of respiratory activity of these or- 
gans must be negligibly small and consequently need not to be taken into consid- 
eration regarding the depression of NAR. 

From the above facts, it is evident that the decrease of the NAR at the 8cm.- 


set resulted mainly from the depression of photosynthesis of leaves. 
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4. A theoretical calculation of the plant growth: 

For the quantitative proof of the elucidation mentioned above, the causal rela- 
tion of water level lowering to plant growth depression was pursued by calculating 
the dry matter production or the growth in connection with leaf water deficit. 
These calculations were carried out at the 2cm.- and the 8cm.-sets, for the first 7 
days of the experiment before the plant recovering from the direct affection of 
water level lowering, and the techniques employed here were more or less the same 
as those used by Iwaki”), excepting that the reduction of photosynthesis by leaf 
water deficit was the special concern in this paper. 

The distribution ratio of the produced dry matter to the individual organs was 
calculated based on the data which were obtained at each sampling, provided this 
measure would vary linearly during sampling period. With assuming that the leaf 
and root grew logarithmically during each sampling interval, the variations with 
time of the active root/leaf area ratio were computed in Fig. 3. 

The value of net assimilation of a plant under given conditions could be esti- 
mated by combining the data of Figs. 1, 2and3. Fig. 3 gives us the time sequence 
of the active root/leaf area ratio, with which the leaf water deficit can be read in 
Fig. 1, and with the values thus obtained the net assimilation will be easily com- 
puted from Fig. 2. At the 2cm.-set, the active root/leaf area ratio varied so slightly 
that the value of net assimilation could be estimated as a constant value of 1.09 mg. 
C,H,,0;/sq.cm./day. At the 8cm.-set, however, the net assimilation in each day dur- 


1000 


active root/leaf area ratio 


growth per plant (mg. d. w.) 


Fig. 3. Diagram showing the 
time trend of active root/leaf 


area ratio (mg./cm.2), calculated 0 x L 
Y) = a 
based on the growth of sub- i 2 ie 
merged roots in fresh weight SNe 
and of leaf area, Fig. 4. Comparison between the ob- 


served growth (continuous line) and the 
calculated (broken line) at the 2cm.- 
and the 8 cm.-sets. 
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ing 7 days from starting the experiment was determined as 0.75, 0.81, 0.89, 1.09, 1.09, 
1.09 and 1.09 mg. C,H,,0,/sq. cm./day, respectively. 

The respiration of stem was excluded from the calculation of growth, because 
it is very considerable that the stem bearing chlorophyll, as known in stems of 
raddish and pea,")-”) can compensate its respiration with its own photosynthate in 
an illumination of 5000 lux. The respiration rate of the aerial and the submerged 
roots without water deficit was determined to be 0.096 and 0.146 men Ga ,O-/ me. 
dry weight/day, respectively, and there was no change in the water content, and 
consequently in respiration, with water level lowering, as already mentioned. 

A fairly good coincidence between the observed and the calculated growth at 
the 2cm.- and the 8cm.-set is illustrated in Fig. 4, though the calculated is slightly 
lessened than the observed at any set—especially, at the 8cm.-set, there are some 
deviations in the calculated, probably because of the fluctuation of sampling on 
April 17 and 21, and for the lower calculated value at the 2cm.-set an underesti- 
mation of net assimilation under normal leaf water condition may be responsible. 
At any rate, from the fact that there is no extreme discrepancy between the ob- 
served and the calculated, it can be presumed that the data and methods which were 
empolyed for the calculation of the growth did not contain any fundamental errors. 

In conclusion, the growth depression induced by the water level lowering or tem- 
porary unbalance of water economy results from the depression of photosynthesis 
caused by water deficiency in the plant, especially in leaves, during the period when 
the active root/leaf area ratio was recovering from serious decline after treatment 


up to its normal value, or the same value of the control. 


Summary 


1. The effect of water economy onthe plant growth was investigated in young 
tobacco plants with water level lowering of culture solutions. The 2cm.-, 4cm.-, 
6cm.- and 8cm.-sets were prepared. 

2. The plant growth in dry weight was decreased in proportion to the water 
level lowering, i.e., the relative values of 100: 87.5: 78.9: 68.6 were observed at the 
2cm.-, 4cm.-, 6cm.- and 8cm.-sets, respectively. Also the lowest net assimilation 
rate (NAR) was obtained at the 8cm.-set. 

3. The ratio of the dry weight of non-photosynthetic organs to the leaf area 
indicated no difference among the sets. 

4, With lowering the water level, heavy water deficit was induced in leaves, 
but no deficit was observed in stems and roots. A clear relationship was discovered 
between the leaf water deficit and the ratio of submerged roots to leaf area (active 
root/leaf area ratio), which was used here as an indicator of the grade of water level 


lowering. 
5. The net assimilation decreased almost linearly with progress of the leaf 
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water deficit, while no change was observed in respiratory activity of leaves as to 
water deficit and no special depression of nitrogen content in leaves was detected 
during the experimental period. 

6. The growth in dry weight at the 2cm.- and 8cm.-sets was calculated theo- 
retically with the net assimilation, which was affected by the leaf water deficit 
caused by water level lowering. The agreement between the calculated and the 
observed proves that the primary cause of the growth depression with water level 


lowering is the suppressed photosynthesis of leaves. 
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Physiological Studies on Photo-electric Response in Plant Tissues. 
Il. The Effects of Different Light Intensities on 
Photo-electric Response of Green Leaves.* 


by Yuichiro NISHIZAKI** 


Received March 6, 1959 


In a previous paper'), experimental results were reported on the effects of the 
duration of light and dark periods before illumination on the photo-electric response 
in green leaves. It has been shown that the photo-electric response was affected 
by the duration of the dark period before illumination, and was considerably sup- 
pressed by prolonged pretreatment in the dark. 

In this paper, the changes in photo-electric response were investigated at differ- 
ent light intensities in relation to the pre-illumination on the leaves. 


Material and Method 


Green leaves used for the experiments were obtained from the seedling of 
Phaseolus vulgaris L. which had been cultured in a greenhouse for about three or 
four weeks. The leaflets of the second or third leaf with petiolules were separated 
from the petiole and immediately immersed in tap water to be kept during the 
experiments. 

The experimental arrangements and the apparatus used were essentially the 
same as described in the previous paper’), except for some partial improvements. 
In the experiments, a leaflet was covered with black paper having a circular hole 
2cm. in diameter through which a part of the leaflet was illuminated. Non-polariz- 
ing electrodes of Zn/ZnSO, were employed in the measurement of the leaf potential. 
These were connected through KCl-agar bridges with the starch paste closely in 
contact with the lower surface of the leaflet at two definite positions, the one under 
the center of the hole in the black paper and the other under the covered portion. 

For the illumination, incandescent light from a projection lamp (100 V, 200W) 
equipped with a lens system was used. Heat was removed by inserting a filter of 
a 5cm.-thick layer of a CuSO, solution (6%). By changing the distance between 
lamp and object on an optical bench, the intensity of the light could be adjusted 
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within wide limits. The intensity of the illumination was measured by means of 
an illuminometer (Tosnisa, No. 5). The temperature during the experiments was 


14-15°. 


Experimental 


A. Photo-electric response under illumination of different intensities. 

A series of experiments was performed to observe the relation between the 
photo-electric response and the light intensity. It has been shown in previous 
papers') that the magnitude and the course of the photo-electric response are af- 
fected by the length of the dark period before illumination. Furthermore, a pre- 
illumination preceding a relatively short dark period also changes the ensuing 
light reactions") (see below). 

Therefore, experiments were made as follows: the exposed part of the leaflet 


| 


| 32000 lux 


was pre-illuminated with the given 
| light intensities for 30 minutes to obtain 


eae sa a full response by the test-illumination 


=a 2 
B 16000 Iux 


C 8000 lux 


for 10 minutes at the same intensities 
after the interruption of five minute 
darkness. The response produced by 
these test-illuminations was compared 
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Fig. 1. Photo-electric response under dif- 
ferent light intensities. Prior to the test- 
illumination, the leaves were subjected to a 
pre-illumination of 30 minutes at each light 
intensity followed by a dark period of five 
minutes. The upward changes of the curve 
show that the illuminated portion of the leaf- 
let is negatively charged as compared with 
the unilluminated portion. The dark period 


is indicated by the heavy line on the abscissa. 


32,000 lux, respectively. 

The results are shown in Fig. 1. 
When the light of 1,000 lux was applied, 
insignificant variations in the electro- 
motive force were elicited between the 
illuminated and unilluminated portions. 
With the light intensity increased to 
2,000 lux, two slow negative (upward) 
peaks were clearly demonstrated. The 
new small “ cusps ”!»), which first carry 
the potential difference in the positive 
(downward) direction before it rises, 
appeared at light-intensities of 4,000 
lux and above. As the light-intensity 
is increased, the two ensuing negative 
peaks become increasingly higher and 
finally fuse into an apparently single 
peak. 


On close investigation of the transition of the negative deflections in the curves 
in Fig. 1, it is evident that there are essentially two separate components in the 
negative phase. On illumination at lower light-intensities these two negative com- 
ponents can be distinguished by the difference in time required to reach the respec- 
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tive peak maxima. When an intense light is applied, however, the maximum of the 
second peak gradually approaches the first one and finally overlaps it. 

B. Effects of the pre-illumination on the response. 

In the above experiments, the same intensities of light were used in each set 
of pre- and test-illuminations. Therefore, the amounts of radiation that the leaves 
received during the pre-illumination varied with different light intensities. The 
results of the experiments in which different intensities of test-light were applied 
after pre-illuminating for 30 minutes with light of the 32,000 lux (followed by a 
dark period of five min.) are shown in 
Fig, 2 A. B and C. 

Both Curve B in Fig. 2 and Curve [ 
C in Fig. 1 represent the responses eed A 32000 tux 
produced by the same test-light of 8,000 oS 
lux. It is clear from these curves that ete B 8000 lux 
the response in the former case, which pais sa iia 


received a greater amount (or intensity) & 1000 tux 


. . . e . . . 32000 lux 
of radiation in the pre-illumination, is | ; a 
greater than in the latter, which received L D 32000 lux e 
a lesser amounts (or intensity). The ee 

. ° zomv { 
former has an obviously large negative 
4 PRe- 
peak while the latter shows two separate hank ieee, Avestan 
TION =a j el 
peaks. O° ga) ae 40 45 
It is evident from this fact that the Ce ye a: 

i : ; Fig. 2. Effects of pre-illumination on 
photo-electric response increases when the photo-electric responses. Prior to the 
the amount (or intensity) of pre-illumi- test-illumination, the leaves were kept in 
nation is increased. The same conclu- darkness for five minutes after the pre- 


: . _ illumination of 32,000 lux for 30 minutes 
ion was derived by comparing Curve C : ? 
an ; : é lin, ANA Jey school’ (Cy ehakeh our AAO) hts, tone ai) 


in Fig. 2 with Curve F in Fig. 1. Perdis aad Ge Uae Min. 

On the other hand, a typical example 
of the effect of decrease in pre-illumination on the potential change in intense test- 
light (32,000 lux) is shown in Curve D as compared with Curve A in Fig. 2. The 
electrical response in Curve D with 1,000 lux pre-illumination was found to be less 
prominent as compared with that in Curve A with 32,000 lux pre-illumination; not 
only the magnitude of the response was decreased but also the second peak ap- 
peared as was the case in experiments with lower test-illumination intensity (1,000 
lume Cua yeu, hic. WZ). 

The record of the photo-electric response during a period of intermittent illu- 
mination (five minutes light—30,000 lux—and five minutes dark) following a dark 
period of 30 minutes is shown in Fig. 3. It is clearly shown in this figure that the 
light response which was insignificant in the first light period became more en- 
hanced on intermittently repeated illumination. At the same time, the two peaks, 
which appeared in the response curves of the first three periods, fused into a large 
single peak during the final illumination period. 

It is concluded from the above experiments that the light-induced electrical 
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Photo-electric response by intermittent illumination (five 


minutes light—30,000 lux—and five minutes dark) following a dark 


period of 30 minutes. 
on the abscissa. 


The dark period is indicated by the heavy line 


response of the leaves is increased within certain limits by increasing the light 
intensity of pre-illumination and/or the intensity of the test-light. 


C. Effects of varied pre-illumination with a fixed amount of energy. 
Further experiments were made to ascertain whether the light-induced photo- 
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Fig. 4. Effects of pre-illumina- 
tion with a fixed amount of en- 
ergy on the photo-electric re- 
sponses. The leaves were pre- 
illuminated with the light of 2,000 
lux-25 min. (A), 5,000 lux-10 min. 
(B), 10,000 lux-five min. (C), 20,000 
lux-2.5 min. (D), and 50,000 lux- 
one min. (E), and thereafter kept 
in the dark for five minutes, prior 
to the test-illumination at 10,000 
ices 


two separate components, each with a negative potential defined above. 


electric response was the same with pre-illumi- 
nations with a given energy, but applied at dif- 
ferent light-intensities and for different exposure 
periods. The test-light of 10,000 lux was applied 
after varied pre-treatment at a constant energy 
followed by a dark period of five minutes. The 
results of the five experiments of this series are 
shown in Fig. 4, in which pre-illumination of 
2,000 lux-25 min., 5,000 lux-10 min., 10,000 lux-five 
min., 20,000 lux-2.5 min. and 50,000 lux-one min. 
were applied, respectively. It is clear, judging 
from the comparison of the electrical responses 
induced by a fixed test-light of 10,000 lux, that 
the reciprocity law does not hold in so far as the 
effects of the pre-illumination are concerned. The 
pre-illumination of 10,000 lux-five min. (Curve C) 
induced the greatest response to the test-light. 
As either the power or period of pre-illumination 
decreased, the corresponding response decreased. 


Discussion 


The results obtained from the above experi- 
ments have an interesting bearing on the nature 
of the photo-electric response. It is shown that 
the photo-electric response consists essentially of 
At high 


light intensities these two components overlap one another and appear as a single 


peak. 


There are two factors to be considered as regards the cause of the light-induced 
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response under investigation. The one is the different effects of the light in dif- 
ferent regions of the spectrum and the other is the reaction supposed to take place 
in the leaf after the absorption of the light. There is a possibility of obtaining a 
two-peaked response if the leaf were equipped with two separate systems, each ab- 
sorbing light of different wave lengths and reacting in a separate way, and witha 
different time of response. An alternative explanation would be to assume that 
there are two response systems with different reaction time, but with an identical 
(or common) action spectrum. 

For the purpose of obtaining material basis to decide this point, a comparison 
was made between the effect of a monochromatic light and that of the white light 
in test-illumination. It was revealed that a monochromatic red light obtained by 
passing through an interference filter (Amax: 665 my, Tmax: 44.0%, 421/,: 14 my) gives 
rise to a photo-electric response with two peaks quite similar to that evoked by 
the white light at certain level of intensity. This fact indicates that the occurence 
of two peaks is not attributable to the participation of two separate mechanisms 
with different action spectra, but supports the view that they are most probably 
caused by the difference in reaction time of the two mechanisms assumed to take 
place in the leaf after the absorption of the light. The physiological changes 
underlying the electrical response, however, still remain unelucidated. 

It was revealed from the above-described results that the first negative phase 
of the response (i.e., rise in the potential curve) appears immediately after the 
illumination is begun. It was also noticed in some cases that a small “cusp” (i.e, 
drop in the potential curve) preceded the first negative phase of the response. The 
appearance of this “cusp” is most reasonably correlated with higher intensities of 
test-light, no such “cusp” being observed at light intensities lower than 2,000 lux 
(Cf., Figs. 1 and 2). It will also be noticed in these figures that the runs with a 
cusp at the beginning of light-period are marked by a transitory appearance of a 
small peak on turning off the illumination. The time, ¢, that elapsed before the 
second (main) peak in the potential curve appeared, on the other hand, was found 
to become more and more shortened as the light-intensity was increased, the two 
peaks finally being united into a single peak. The magnitude of the second peak 
is also a function of light-intensity, a high level being attained with stronger illu- 
mination. What immediately follows from these circumstances is that with higher 
light-intensities a potential curve is obtained which is characterized by the appear- 
ance of a small “cusp” at the commencement of the light-period followed by a 
main peak leading finally to a stationary level of potential (see Curve A, in Fig. 1). 

The effect of light-intensity on the reaction time ¢ (i.e. the time that elapses 
before the second, main peak) is illustrated in Fig. 5. The values in this figure 
are taken from the experimental results shown in Fig. 1. Similar experiments al- 
ways give rise to approximately the same curve; a rectangular hyperbola. Tréndle*) 
has investigated the effects of light on the permeability of protoplasm and found 
that the time that elapsed before the change in permeability occurred (i.e., reaction 
time) was a function of light intensity, and that the relation between the reaction 


time and the light intensity was given by a rectangular hyperbola. The reaction 
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time ¢ (min.) in the present case can be 
15 calculated according to his equation” 
ae 
[el ey 
os StG—=1) 0.6 (1) 
78 
z 2e \ or 
F : i(t—0.6)= 4.4 (2) 
| oN i(t—0.6)=4.4 
: aa where 7 is the intensity of the light in 
ROA TIY 32 iG eee et se units of 1,000 lux. 
Fig. 5. Reaction time (¢) for the second This formula means that the pro- 
peaks pone a a eee duct of the light intensity and the reac- 


sity of illumination (circles; taken from 
Fig. 1 and the theoretical curve; calculated 
from Equation 1). 


tion time minus a constant (0.6 min. in 
the equation) is constant so far as the 
experimental conditions in Fig. 1 are 
concerned. In this case, the reaction time, ¢, minus 0.6 min. may correspond to the 
presentation time (Prasentationszeit, Tréndle). Therefore, the above formula repre- 
sents that the product of the light intensity and the presentation time is constant. 
It may be inferred from this fact that, in the photo-electric response under investi- 
gation, a certain process which presumably obeys the constant stimulus quantity- 
law is involved in a light receptor system in the leaf, and is accompanied by the 
potential change after the lapse of constant time (0.6 min.), independent of the light 
intensity. 

The above-described results indicate that the intensities of the pre-illumination 
have a significant influence on the subsequent photo-electric responses and that the 
pre-illumination with intensity of radiation at constant energy have some different 
effects on the subsequent photo-electric responses caused by the same intensity of 
test-light. From these facts, it may be suggested that the photo-electric response 
in question is a really complicated reaction, in which certain secondary effects of 
some unstable intermediary substances formed as a result of pre-illumination may 
also be involved. Further investigations should be performed to make clear the 
actual mechanism of the events involved. 


Summary 


1. The changes in the photo-electric response in the leaves of Phaseolus vulgaris 
were investigated under different light-intensities and in relation to the pre-illumi- 
nation. 

2. The photo-electric responses of this material are essentially composed of two 
separate components in the negative phase as clearly shown in low light-intensities. 

3. The response is increased by the pre-illumination of high intensity and is 
decreased by that of low intensity within certain limits. 

4, The pre-illumination at a constant energy, but at varied intensities, of radia- 
tion does not result in an identical effect in response; i.e., the reciprocity-law does 
not hold in the pre-illumination. 

5. A certain process which presumably obeys an extended form of the constant 
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stimulus quantity-law is inferred to be involved in the reaction underlying the second 
negative phase of the response. 


The author wishes to express his cordial thanks to Dr. Y. Oda for his advice 
and encouragement throughout this work. 
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Introduction 


It is a general rule that angiosperm woods give the red color with the Maule 
test for lignin, while gymnosperm woods give the yellow-brown color with the 
test)... On oxidation with nitrobenzene, only vanillin was obtained from gymno- 
sperm woods, while a mixture of vanillin and syringaldehyde in various ratios, 
typically 1: 3, was obtained from angiosperm woods”). It has been accepted that 
the red color is attributed to the syringyl group in lignin and the yellow or yellow- 
brown color is attributed to the guaiacyl group in it). However, precise studies 
showed us that there is a continuous series of plants between typical angiosperms 
and typical gymnosperms”*)>), 

By a histochemical investigation on the plants which are intermediate, we would 
be able to find plants which possess Maule positive cells at the same time and to 
make a good contribution to the study on the physiology of lignification. However, 
we find few works in this field except Gibbs‘), who gave some histochemical infor- 
mation in his extensive review on Maule reaction and the oxidative products of 
various kinds of woods. 

The present work applied the Maule test to those plants which would be sup- 
posed to be the intermediate type in lignification. Samples to be observed were in 
the living state prepared by making hand sections. The results of the Maule test 
were observed on the cells which had been known as lignified ones by the reaction 
with phloroglucinol and hydrochloric acid on as similar section as possible. 


Result and Discussion 


Species of Podocarpus showed much inconsistency with the Maule reaction, and 
this occurred even in samples from different sources of the same species in this 
genus,*)). In analytical data the species of this genus showed various ranges of 
rates in two kinds of aldehyde. In the present work the author observed that in 
Podocarpus macrophylla the cells with positive reaction (red color) and those with 
negative reaction (yellow or yellow-brown color) were found mixed one with another 
in the phloem as well as in the xylem. Thus, in xylem, the layers of positive 
colored cells were located alternatively with those of negative colored cells, and 
showed in stripes (Fig. 1 and 2). The ratio of two kinds of cells in sections varied 
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considerably among the samples from different plants and even among those from 
different parts of the same plant. The sclerehchyma cells in the subepidermal re- 
gion) and the pith showed positive color even when negative cells were dominant 
in the xylem part. 

In angiosperms which possess both Maule positive cells and Maule negative 
célls, Gibbs? pointed out that more positive reaction was designated in the bundle 
sheath and the fibers than in the xylem. However, the author’s observation on 
Ephedra distachia and some angiosperms showed more positive color in the xylem 
cells than in the phloem fibers (Smilax Sieboldii, Kalopanax innovans, Acanthopanax 
sciadophylloides, Ephedra distachia). The fact found by Gibbs") that the protoxylem 
often has a tendency to show negative color in Maule reaction was corroborated by 
the author in his previous work’) (Chenopodium album) and in his present work 
(Kalopanax innovans, Ephedra distachia). Creighton®) got a high ratio of vanillin 
to syringaldehyde (1: 0.8) on the oxidation with nitrobenzene. In the author’s ob- 
servation some samples of Phyllostachys bambusoides gave negative color in every 
cell, while the other samples of this species showed negative color in the scleren- 
chyma cells and in the bundle sheath of vascular bundles, located in the periphery 
region (Fig. 6). 

In the xylem of J/licitum anisatum the author found an interesting fact that 
both positive color and negative color with the Maule reaction were provided in 
the same cell as well as in the same tissue (Fig. 3, 4 and 5). This tells us that two 
different biochemical situations, for producing the lignin of coniferyl type and that 
of syringyl type can exist at the same time not only in the same tissue but in the 
same cell. 

Crocker?) reported that thorns of some angiosperms failed entirely to give red 
color with the Mdule test. The author’s observation showed that in the thorn of 
Smilax Sieboldii cells in the periphery region indicated more negative color and 
the color changed gradually reddish toward the center (Fig. 6). 

Histochemical studies on the difference in the biochemical situation between 
two kinds of lignification belong to future work, but the present work will throw 


some light on that problem. 


° Summary 


The Maule test was applied to those plants which would be supposed to be 
intermediate between the coniferyl type and syringyl type in lignification. Tissues 
of those plants very often showed various grades in color from red to yellow in the 
same plant. In Podocarpus macrophylla this occurred in the xylem, showing stripes 
of red and yellow. In Jllicium anisatum, furthermore, both positive and negative 
colors with the Mdule reaction were provided in the same cell as well as in the 


same tissue. 


The author is grateful to Takeda Herbal Graden in Kyoto which offered many 
good plant samples for his present work. 
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Maule reaction on plant tissues, 
Phloem of Podocarpus macrophylla, «200, 
Xylem of Podocarpus macrophylla, «200. 
Xylem of //licium anisatum, <100. 
Xylem of Jllictum anisatum, «200, 
Xylem of Jilicium anisatum, x 460, 
Young branch of Phyllostachys bambusoides, «200. 
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As had been shown in previous papers”), when the dark period was preceded 
by a 4-hour illumination with white light of 10 lux or far-red light, the critical 
length of the dark period for the induction of flower initiation was shortened by 
some 4 hours in Pharbitis seedlings. It was suggested that one part of the process 
taking place in the first hours of the dark period can proceed under these lights. 
In the present investigation, this relatively light-insensitive partial process included 
in the inductive processes which take place in the dark period was examined in 
detail. 


Material and Methods 


The material used was the seedling of Pharbitis Nil, strain “ Violet”. Procedure 
of experimentation, light filters and light sources were similar to those described 
in the previous paper»). Energy distribution of the spectrum of the light used was 
also shown in the same paper”). 


Experiments and Results 


Experiment 1. When 4 hours of illumination by the daylight fluorescent light 
of 10 lux (ca. 50 erg/cm*./sec.) precedes the dark period, the critical dark period is 
shortened by some 4 hours, as had been indicated in the preliminary report”. In 
the present experiment, 4 hours of illumination by daylight fluorescent light of 50 
erg/cm’./sec. mixed with far-red light (700~1000 my) of 120 erg/cm®./sec. (FL+FR) 
were given prior to dark periods of various lengths, and the effect of this low- 


* The previous paper in this series was incorrectly titled, “Studies on the light con- 
trolling photoperiodic induction of Pharbitis Nil. II’, Bot. Mag. Tokyo, 72: 181 (GREY). “Wine 
title should have been “Studies on the light controlling flower initiation of Pharbitis Nil. 
28 

** Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 
FRED A oO A AE 


October 1959 Bot. Mag. Tokyo, Vol. 72, No. 856 389 


Eatenity illumination upon flowering responses was examined. Results are shown 
in Table 1. 


Table 1. Flowering response of plants exposed to dark periods of various 
lengths preceded by 4-hour FL+FR illumination. 
FL+FR: Daylight fluorescent light of 50 erg/cm.2/sec. mixed 


with far-red light of 120 erg/cm.?/sec. 


(Treated on May 15 and dissected on June 2, 1958) 
Light Length of No. of mobi N af bain 
ten ( : % o. of % of plants 
preceding dark period plants plants with flower buds with terminal 
dark period in hours dissected flower buds per plant flower bud 
ie A) owods ae i ewer i Ow ab 
10 | 39 87.2 
4-hour 39 = 8 : | : 
q 71. Tf 0) 
FL+FR 
os 8 40) 10. 0 Opa 0 
6 39 0 0 0 
ae 2, 38 44.7 0.5 a 0 > 
- oe 10 A0 0 0 0 
i ie ‘s ght 9 37 0 0 0 
0 lux 8 0 | 0 0 0 
(Cont. 1) 6 39 0) | 0) 0 
16 AQ* 100 4.0 | Oto : 
Sam eh 14 40* 100 4.6 | HS 
(Cont. 2) 12 AQ* 100 oh) 10. 0 
| 10 40* | 10. 0 | 5 it 0 


* The plants were kept in the dark from the beginning of the pre-illumination 
of other lots. 


Plants subjected to FL+FR for 4 hours initiated flower primordia when the 
FL+FR illumination was followed by the dark period of 8 hours or more, but the 
control plants subjected to white light of 4000 lux (daylight fluorescent light mixed 
with incandescent light) for 4 hours did so only when a 12-hour dark period fol- 
lowed (Control 1, in Table 1). The critical length of the dark pericd is thus re- 
duced by 4 hours compared with the control plants. This suggests that the first 
process of the inductive dark period can, also, proceed under FL+FR. 

Flowering responses of the plants subjected to FL+FR for 4 hours and subse- 
quently to an 8- to 12-hour dark period were, however, weaker than those of the 
plants given a 12- to 16-hour dark period preceded by bright sun light (Control 2, 
in Table 1). As was reported in the preliminary paper!’, the plants exposed to 
daylight fluorescent light of 10 lux (FL), which contained a small amount of far- 
red light, for 4 hours and subsequently to an 8- to 12-hour dark period initiated 
flower primordia to the same extent as those subjected to 12~16 hours of darkness 
preceded by sun light. The flower inhibitory effect of 44hour FL+FR is perhaps 
attributable to the action of the far-red light included in it. The far-red light is 
considered to inhibit the process taking place in the second or the later phase of 
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the dark period, but not that in the first phase, as has been suggested in the pre- 
vious paper”). Further data supporting this hypothesis will be given in Experiments 
3) 4 and 7 

In this first experiment the plants which were subjected to a dark period pre- 
ceded by sun light initiated more flower primordia than those preceded by 4 hours 
of white light of 4000 lux, indicating that the latter is not strong enough to bring 
about the maximum flowering response when followed by the inductive dark period. 

Experiment 2. Plants were exposed to the illumination by daylight fluorescent 
light of 50 erg/cm?./sec. for 8 hours, and subsequently kept in darkness for various 
periods, ranging from 6 to 16 hours. Control plants were exposed to 6 to 16 hours 
of darkness preceded by sun light. Results are shown in Table 2. A 6-hour dark 


Table 2. Flowering responses of Pharbitis seedlings induced by dark 
periods of various lengths preceded by 8 hour illumination 
by daylight fluorescent light of 50 erg/cm.?/sec. 
(Treated on May 26 and dissected on June 8, 1958) 


No. of % of No. of % of plants 
Treatment plants plants with flower buds with terminal 
dissected flower buds per plant flower bud 
shFL—s162d 39 100 4.5 | 94,9 
5» —l4hd 39 100 4.9 100 
» —~»12hd 40 | 100 3.9 67.5 
» —~10hd 39 100 4.4 74, 4 
5» —~» Bhd AO 100 206 lee 
» —» 6hd 39 61.6 0.7 0 
16hd 39 | 100 4.3 100 
14hd 39 100 1.9 2.6 
12hd | 39 | 5), dl Deal 0 
104d AQ 0 0 0 
8hd a) | 0 0 0 
Ghd 40 | 0 0 0 


8hFL—-165d: 8-hour daylight fluorescent light of 50 erg/cm.2/sec. followed by 16 
hours of darkness. 
These notations will be used hereafter. 


period can induce flowering when preceded by 8 hours of illumination by daylight 
fluorescent light of 50erg/cm*./sec. The control plants initiated flower primordia 
only when the dark period was 12 hours or more. ‘The critical length of the dark 
period is thus shortened by 6-8 hours in this case. 

Experiment 3. Plants were exposed to FL+FR for 8 hours, and subsequently 
kept 6 to 16 hours in the dark. Control plants were exposed to 6 to 16 hours of 
darkness preceded by sun light. Results are shown in Table 3. 

Eight-hour FL+FR inhibited flowering when followed by a 14- to 16-hour dark 
period, but promoted flowering when followed by an 8- to 10-hour dark period. 
This may be interpreted by the following assumptions. 
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Table 3. Effect of 8-hour FL+FR illumination preceding dark periods 
of various lengths upon flower initiation of Pharbitis seedlings 
FL+FR: Daylight fluorescent light of 50 erg/cm.2/sec. mixed with 
far-red light of 120 erg/cm.2/sec. 
(Treated on May 27 and dissected on June 11, 1958) 


No. of 2 of No. of 


| 2% of plants 

Treatment plants | plants with | flower buds with terminal 

dissected flower buds per plant | flower bud 
8hFL+FR—16hd 39 | 61.5 | 0.6 0 
a —~»14hd 40) 70.0 0.8 () 
—~12hd 38 30:9 0.4 0) 
5 ——>10hd | 40) | Bene) 0.4 0) 
ged 40 | 42.5 | 0.5 0 
ieee 23s. pha 36 | 0 0 | ( 
16d 43 | 100 | 4.3 100 

14hd 40 / 100 1.9 | 2.5 

12hd | 40 32.5 0.3 0 
104d | 40 0 0) () 
8hd 39 0 0 | () 


64d 39 0 0 | 0) 


During the 8-hour FL+FR, the first process of the inductive dark period pro- 
ceeds, but at the same time, the flower inhibitory effect of the far-red light takes 
place”). The dark period of 14~16 hours is effective to the maximum extent for 
floral initiation, and a dark period longer than 16 hours hardly increase the response. 
Therefore, when the FL+FR precedes a dark period longer than 16 hours, the flower 
inhibitory effect alone appears. On the other hand, an 8- to 10-hour dark period in- 
duces little flowering but further lengthening of the dark period promotes flower- 
ing response remarkably, and in such a case the promoting effect of the Barges 
preceding the dark period exceeds the inhibitory one, resulting in flower promotion. 
The critical dark period was thus shortened by some 4 hours. 

Experiment 4. Plants were exposed to the far-red light of 100 erg/cm?./sec. for 
4 or 8 hours and subsequently to a 6- to 16-hour dark period. Results shown in 
Table 4 are similar to those of Experiments 1 and 3, in which 4- or 8-hour FL+ 
FR was given prior to a 6- to 16-hour dark period. 

It is interesting that, when an 8- to 16-hour dark period was preceded by 8 hours 
of far-red light, flowering response did not vary with the length of the dark period. 
The same was also the case in Experiment 3, in which the plants were subjected 
to an 8- to 16-hour dark period preceded by 8-hour FL+FR. This suggests that 
the far-red light acts not to prevent flowering response at lower level, but to reduce 
the maximum level of the response. 

Experiment 5. In this experiment, plants were exposed to SBT gH ToS 
light of 50erg/cm2./sec. for 0, 2, 4, 6 or 8 hours and subsequently kept in darkness 
for 16, 14, 12, 10 and 8 hours, respectively, so as to make the Suma of the length of 
the weak light illumination and that of the dark period 16 hours in each lot. Con- 


eae f§i my % MR $72 Be 856 B 1959 “ 10 5 
Table 4. Effect of 4- and 8-hour far-red light of 200 erg/cm.?/sec. preceding dark 
periods of various lengths upon flower initiation of Pharbitis seedlings. 
FR: Far-red light of 200 erg/cm.?/sec. 


(Treated on July 14 and dissected on July 24, 1958) 


% of plants 


No. of % of No. of % i 

Treatment plants | plants with flower buds with terminal 

| dissected flower buds per plant flower bud 
4hFR——16hd AO 100 216) ope 0) 

5» —~»12hd 37 100 3.0 35 I 

, = Si0ha | 38 | 100 | 1.9 | 7.9 

pe a88 ea 39 | 61.5 | 0.6 0 

7 == end 39 | 0 | 0 | 0 

82FR—*16hd 39 | 12.8 0.1 | 0 

7 end 3 | 18.4 0.2 0 

»  —— 10bd 40 | 20. 0 0.2 | 0 

» — 84d | 40 Dire 0.3 0) 

» — 64d | A) Daisy 0.0 0) 
24hd ff 100 A.7 89. 2 
20hd | 39 | 100 4.3 92.3 
18d tM | 100 4.2 97.5 
162d | 40 100 4.1 97.5 
14hd | 38 | 100 4.1 92. 1. 
12ha 39 | 97.4 1.6 2.6 
10hd A) 0) 0 0) 

8hd | 40 () 0) | 0 

Table 5. Flowering responses of Pharbitis seedlings exposed to 16 hours 


of darkness, during the first period of which daylight fluorescent 
light of 50 erg/cm.2/sec. was given for various hours. 
(Treated on May 15 and dissected on June 2, 1958) 


No. of % of No. of % of plants 
Treatment plants plants with flower buds with terminal 
dissected flower buds per plant flower bud 
QhRL—*14hd 31 100 4.4 67.8 
4b L—12hd 38 100 4.0 60.5 
6hF L—*10hd 39 100 3.4 3383 
8hFL—» 8hd ie 89. 2 1.8 0 
16hd 34 100 Seif 44,1 
14hd 39 ae ail BRS) 
12hd 39 Beal eal 0) 
10hd 38 0 0 0 
8hd 40 0 0 0 


trol plants were exposed to 16-, 14-, 12-, 10- and 8-hour dark period preceded by 
high-intensity light (4000 lux). Results are shown in Table 5. The plants exposed 
to the daylight fluorescent light of 50 erg/cm®./sec. for 2, 4 or 6 hours followed by 
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14, 12 or 10 hours of dark period respectively initiated flower primordia to the 
same extent as those exposed to a 16-hour dark period preceded by high-intensity 
light. This implies that the process which proceeds during the first 6 hours of the 
dark period can proceed under this low-intensity light with the same ease as in 
the darkness. 

Experiment 6. Plants were exposed to daylight fluorescent light of various 
intensities for 6 hours and subsequently to 10 hours of darkness. Flowering re- 
sponses were as represented in Table 6. With increasing intensities of the light, 


Table 6. Flowering responses of Pharbitis seedlings exposed to 6-hour daylight 
fluorescent light of various intensities preceding a 10-hour dark period. 
(Treated on June 21 and dissected on July 4, 1958) 


Intensities of | No. of % of No. of % of plants 
daylight fluorescent | plants plants with flower buds with terminal 
light dissected flower buds per plant | flower bud 
10 A() | 100 4.8 100 
25 40 100 4.4 97.5 
50 40 | 100 | 2.9 77.5 
200 3 92.1 | 1.5 0 
500 | A() apedl | 0.1 0) 
3000 37 0 0 0 


flowering response was reduced. The process taking place in the first 6 hours of 
the dark period seems to proceed favorably under the light of 10~25 lux, and hard- 
ly at all under 500 lux. 

Experiment 7. Flowering responses of plants exposed to daylight fluorescent 
light or far-red light of very low intensities for 16 hours without subsequent dark 
period were investigated. As shown in Table 7, about one fourth of the experi- 
mental plants were induced to flower when exposed to daylight fluorescent light of 
5 erg/cm?./sec. (ca. 1 lux) or far-red light of 20 erg/cm?./sec. for 16 hours, but no 


Table 7. Flowering response of Pharbitis seedlings exposed to daylight fluorescent 
light (FL) or far-red light (FR) of various intensities for 16 hours. 
(Treated on June 17 and dissected on July 3, 1958) 


Intensities No. of % of No. of % of plants 
Light of light in plants plants with flower buds | with terminal 
Cre em.) Sec dissected flower buds per plant flower bud 
50 39 0 0 0 
25 39 0 0 0 
5 39 25.6 3 
0 39 100 5 100 
300 39 0 0 0 
100 38 i) 0 0) 
FR 50 oe Ze, 0 0 
20 at) PM 0 0 
0 40) 100 4 Mie S 


394 a wo 2 HR W2S B86 1959 #10 A 


flowering was induced under the former of 25 erg/cm?./sec. and only one out of 37 
plants under the latter of 50 erg/cm?./sec. 

As had been reported in a previous paper”), far-red light of 50~100 erg/cm’./sec. 
can also strongly inhibit flowering, when given to the plant for 8 hours or more pre- 
ceding a 16-hour dark period, but the daylight fluorescent light of 50 erg/cm’./sec. 
can do so only a little. That is, the former strongly inhibits flowering response 
whether it is followed by the inductive dark period or not, but the latter does not 
do so when followed by the inductive dark period. This suggests that the flower 
inhibiting mechanism of the two lights is not the same. 

Experiment 8. In a preliminary experiment which is not reported here, low- 
intensity light of a daylight fluorescent lamp given to the plant following a 12-hour 
dark period was found to promote flowering responses to some extent. Thus, the 
last phase of the inductive dark period is, also, considered to proceed under the 
low-intensity light. In the present experiment, plants were treated according to 
the schedule shown schematically in Table 8. 

Some of the plants which were kept in darkness for only 4 hours initiated flower 
primordia when the dark period was preceded and followed by 6 hours of illumina- 


Table 8. Flowering responses of Pharbitis seedlings induced by a 16-hour dark 
period during which low intensity light (daylight fluorescent light of 
10 lux) of various lengths were given at various times. 
(Treated on June 16 and dissected on June 30, 1958) 


No. of 2% of plants No. of % of plants 
Treatment plants with flower flower buds with terminal 
dissected buds per plant flower bud 
16 
ETHEL: HEsTTee ope OEE 38 100 Ae) 68.4 
40 0 0 0 
40 30.0 0.3 0 
en 36 94.5 22 5.6 
39 89.8 > () 41.0 
| BG 94.6 3.0 35.1 
eR I EE 39 100 3.9 59.0 
PRE 39 0 0 0 
Cer Sore neers 38 0 0 0 
te EE Ee ro 40 0 0 0 
on 38 0 0 0 
ENC Te 40 25 Q 0 
———— 38 IMS ste! 0.2 0 
SA 39 84.7 1.8 12.8 
8 
SSS ee 40 0 0 0 
| 40 35.0 0.4 0 
Sr 40 92.5 24 Diag 
ni 39 0 0 0 
AV ee 39 0 0 0 


mews darkness 
“idiz77zz7rreaA «daylight fluorescent light of 10 lux 
—— daylight fluorescent light of 3000 lux 


October 1959 Bot. Mag. Tokyo, Vol. 72, No. 856 395 


tion by daylight fluorescent light of 10 lux. On the other hand only one out of 40 
plants initiated a flower primordium after being exposed to 12 hours of darkness 
which had been separated into two parts of 6 hours each by the insertion of a 4- 
hour period of daylight fluorescent light of 10 lux. 

This implies that the dark process inducing flower formation is very sensitive 
to light during the middle phase, but relatively stable during the first and the last 
phases. 


Discussion and Conclusion 


In a previous paper), we made the assumption that the first process of the 
inductive dark period can proceed under daylight fluorescent light of 10 lux or 
under far-red light. This is substantiated by the evidence in the present paper. 

The flower-inducing dark reaction consists of several processes. The first pro- 
cess is supposed to proceed under the illumination by daylight fluorescent light of 
low intensity and the far-red light, but the second or the later process does not. 
Far-red light given prior to the dark period inhibits flowering through the suppres- 
sion of the second or the later process and acts to reduce the maximum flowering 
level, having little effect on flowering responses at lower levels (cf. Experiments 3 
and 4). Thus the far-red light preceding the subcritical dark length promotes 
flower formation and that preceding the maximal inductive dark length inhibits 
flower formation. 

Plants grown under natural daylight are exposed to low intensity light of twi- 
light in the morning and in the evening. During the twilight, the first or the last 
process of the flower-inducing dark period may proceed. Therefore, the length of 
twilight of less than a definite intensity must be taken into consideration to define 
natural night length which is responsible for flower initiation of short day plant, 
at least in Pharbitis seedlings. 


Summary 


1) If a dark period is preceded by 4 hours of illumination by FL+FR (daylight 
fluorescent light of 50erg/cm?./sec. mixed with far-red light of 120 erg/cm’./sec.) 
or by far-red light of 200 erg/cm’./sec., the critical dark period is shortened by 
some 4 hours. 

2) When plants are exposed to daylight fluorescent light of 50 erg/cm?./sec. for 
8 hours followed by the dark period, the critical length of the dark period is short- 
ened by 6~8 hours. 

3) If the plants are exposed to FL+FR or far-red light for 8 hours preceding 
the dark periods of various lengths, the flowering is inhibited when the dark period 
is longer than 14 hours, but promoted when the dark period is shorter than 12 
hours but longer than 8 hours. The critical dark length is shortened by some 4~ 
6 hours. 

4) The first process taking place in the first 6 hours of the inductive dark 
period seems to proceed favorably under daylight fluorescent light of 10~25 lux, 
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but hardly at all under that of 500 lux. 
5) Critical intensities of daylight fluorescent light and far-red light which can 


induce flowering when given for 16 hours without giving dark period are 5~25 
erg/cm?./sec. (ca. 1~5 lux) and 50~200 erg/cm?./sec. respectively. 

6) A 4-hour dark period can induce flowering when preceded and followed by 
6 hours of illumination by daylight fluorescent light of 10 lux. 

It is concluded that the first and probably the last phases of the flower-induc- 
ing dark period can proceed under daylight fluorescent light of low intensity or 


under far-red light. 


Grateful acknowledgment is made to Professor S. Imamura for his suggestions 


and criticisms. 
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The Correlation of Nucleus with the Chloroplast-activity* 
by Yoshio YOSHIDA** 
BHAA: BRADIZIC Ss ELMORE 
Received April 22, 1959 


For the purpose of obtaining some information concerning the role of the 
nucleus in normal metabolic phase of the cells, some comparative experiments with 
the leaf cells of Elodea densa Casp., which were divided into nucleated and enu- 
cleated halves by means of the plasmolytic treatment, have been carried out. In 
the previous papers”.2) it was inferred that the nucleus might have some relations 
to the catabolic processes of chloroplast, the occurrence of plasmolytic systrophe of 
chloroplasts, and the mechanical nature of protoplasmic surface membrane. In the 
present report, however, in order to derive more direct informations concerning the 
correlation between nucleus and chloroplast, the effects of some metabolic poisons 
upon such an alteration of chloroplast as previously reported!) were investigated. 

As is well known, these reagents used here are conspicuously effective inhibitors 
to various enzymatic systems in vivo. Concerning the réle of the nucleus in the 
life of a cell, Brachet (1954, ’58)*) has thoroughly discussed that the nucleus is 
neither the center of cellular oxidations nor a storehouse of all enzymes, nor their 
producer, but in some way it might regulate certain steps of many enzymatic ac- 
tivities of the cell, and enucleation is likely to lead to a decrease in various enzy- 
matic reactions, perhaps owing to the lack of some essential cofactors normally 
produced by the nucleus. Therefore, the comparative investigations upon the effects 
of these metabolic inhibitors and the influence of presence or absence of nucleus on 
the chloroplast might be useful in deriving from them some informations for such 


inference. 
Methods 


Materials and culture or experimental procedures were fully described in the 
previous papers. For the metabolic poisons five reagents of mercuric chloride, 
sodium fluoride, sodium azide, 2-4-dinitrophenol (DNP), and potassium cyanide were 
used. And they were added respectively to the plasmolytic culture medium ((0.2M 
calcium chloride aqueous solution), and their experiments were tried on generally 
with several orders in the range of 10- to 10-°M. The addition of these metabolic 
poisons to the culture medium, in general, showed the decrease of the endurable 
vitality of Elodea leaf cells to experimental culture treatment and of the frequency 
of plasmolytic division of a protoplast. When the concentration of these poisons 
was too high, the protoplast itself collapsed before the poisonic effect appeared on 


* A preliminary note of this study was briefly given in the J. Fac. Sci. Niigata Univ. 
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the chloroplasts, and if it was too low, it 


seemed to have no notable influence on the 
chloroplasts. So the suitable concentra- 
tions of each reagent were experientially 


tried in different ways in the range de- 
scribed above. The Elodea young blades 


Fig. 1. The protoplast divided in nearly ; . 
ee ic removed from the tip of an actively grow- 


equal halves by means of plasmolytic ; 
treatment, cultured for 5 days in plasmo- ing stem were soaked into each plasmoly- 
lysate. sate containing the metabolic poison, then 
left: an enucleated half, chloroplasts the suitable cells in which a protoplast 
; Situs and ae eee was divided into two nearly equal halves 
right: a nucleated half, systrophe and h c h 
senescence of chloroplasts is notable. were sought out, and the effects of suc 

poisons upon the chloroplast alteration 
were compared with the previously reported!) control every day throughout the cul- 
ture duration. 


Results 


Control: The results has already been fully described in the previous paper”. 
In short, the chloroplasts in nucleated halves showed a very remarkable etiolment, 
shrinkage, and the assimilated starch was decomposed; but on the other hand, in 
enucleated halves, a significant vivid enlargement and an extreme accumulation of 
the assimilated starch were noticed, and there was a conspicuous contrast between 
the chloroplasts in both halves [Figs. 1, and 2, a), and see the previous paper.” ]. 

Mercuric chloride: This reagent had extremely harmful action to the proto- 
plasm, and the protoplast itself collapsed very rapidly. Therefore, it was utterly 
impossible to continue the culture experiment within a range of the effective con- 
centrations. 

Sodium fluoride: The chloroplasts in nucleated halves went through a degene- 
rating processes similar to that in the control, and no more notable changes were 
recognized. While, in the enucleated halves, recognizable influence occurred on the 
chloroplasts; the active accumulation of assimilated starch and chloroplast enlarge- 
ment were clearly hindered. Such effects were most notable at a concentration of 
10-°M__[Fig. 2, b)], and both starch content and size and form of the chloroplasts 
were almost kept in the status quo ante in untreated normal condition throughout 
the culture duration. But the etiolment became sluggishly visible after seven to 
eight culture days. 

Sodium azide: This reagent had a considerable influence to protoplasmic charac- 
ters, and when the experimental materials were treated with the plasmolytic culture 
medium containing the sodium azide, the plasmolytic grade was very weak, the 
systrophe”),. hardly occurring in any case, and also the occurrence of suitable 
protoplast dividing was rare. So it was not easy to seek out the objects under the 
microscope. And also the endurance of the protoplast to experimental culture treat- 
ment was weakened in general. It was very difficult, therefore, to follow the effects 
of sodium azide on the chloroplast in each of protoplasmic halves, and only a few 
cases were found in the 10-‘M experiments. It was the most notable finding in 
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Culture days 0 Anns 8 
> Sambo fy OS & ® 

b) NaF (10-2M) added = c) s 
c) NaN, (10-4M) added = C2) 6 
d) DNP (2x10-4M) added ae 8 Q . a 
e) KCN (2x10-8M) added C . & 


Fig. 2. The effects of respective poisons on the chloroplast alteration and starch formation. 
[N]: chloroplast in nucleated half. [£]: chloroplast in enucleated half. 


these cases, that in chloroplasts of the nucleated halves, the starch dissimilation 
was a little more accelerated than in the control but the chloroplast shrinkage and 
etiolment were retarded. And in the enucleated halves, the chloroplast enlargement 
was clearly inhibited, and moreover, a slight tendency to shrinkage and etiolment 
were recognized, and also the starch content was decreased as much as in the nu- 
cleated halves. In most cases, after all, not so remarkable a contrast as in the con- 
trol was noted between both halves [Fig. 2, d)]. 

2-4-dinitrophenol: This reagent also had a deleterious influence on the proto- 
plasmic characters, the systrophe was shifted to a diffusive trend even in the nu- 
cleated, the plasmolytic grade and the endurance of divided protoplast was weakened, 
and also the chloroplast alteration was notably affected. This affection was most 
active at a concentration of 2x10-‘M [Fig. 2,d)]. In the nucleated, the chloroplasts 
followed senescent process as remarkable as in the control, but the starch disap- 
pearance was more rapid and complete than in the control. The chloroplasts in the 
enucleated halves also showed clearly a considerable shrinking and etiolment as 
compared with the control, and the starch was almost completely depleted. The 
inhibiting effect of DNP on the starch formation was extremely striking together 
in both cases. 

Potassium cyanide: The viability of protoplasts was very sensitive to cyanide, 
and in higher concentration than 2»107-°M, they were completely damaged. Even 
in lower concentration than that, the deleterious effects of this poison shortened 
the endurable period of materials, and it was very rare to obtain the suitable ma- 
terials after five to six days or more. The chloroplasts in nucleated halves showed 
the entirely identical process of senescence with that in the control, and no more 
notable alterations were recognized in every concentration of poison. On the other 
hand, the chloroplasts in the enucleated halves were clearly inhibited the enlarge- 
ment as remarked in the control. In concentration of 10-°M, the chloroplasts in 
enucleated were considerably etiolated, but the form and size were kept in the status 
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quo ante. In 2x10-°M, moreover, the shrinking and the etiolment were notable, and 
they approached to the appearances in the nucleated ones. But the starch content 
did not decrease, and the chloroplasts gradually filled with starch in proportion to: 
shrinking and etiolment of chloroplast [Fig. 2, e)]. This does not mean, however, 
any active accumulation of starch but the starch content is rather constant and it 
is because of the outward condensation by plast shrinking. 


Consideration 


The grade of plasmolysis is directly controlled by several inner conditions of 
protoplasm; permeability®), viscosity, and adhesion*) etc. And recently it was 
found®)!-11) that the sodium azide and DNP brought about a clear decrease of per- 
meability of protoplasm, and also a remarkable weakening action of these metabolic 
poisons to the systrophe was noticed. In the present experiment also, therefore, 
the decrease of the plasmolytic-grade, -division, and -systrophe remarked in proto- 
plasm treated with sodium azide and DNP can easily be regarded as the effects of 
the decrease of water permeability by them. 

Mercuric chloride selectively disturbs and eliminates the action of amylase"). 
According to Ono (1956)'), the starch formation was accelerated by the addition of 
10-°~10-°M mercuric chloride to substrate, because the inhibition of amylase, which 
acted antagonistically to phosphorylase. In the present case, however, the prospects 
that remarkable starch dissimilation in chloroplast in nucleated parts may be re- 
tarded as a consequence of amylase inhibition by mercuric chloride addition and 
that the nucleus may be correlating to the amylase action could not be confirmed, 
on account of its intense deleterious action to the protoplast. But other four re- 
agents remarkably affected on such chloroplast alteration as in the control. In nearly 
every case the chloroplasts in nucleated halves went through a similar degenerating 
processes to that in the control without any especially greater changes. In a general 
view, even when the reagent deleteriously affects the cytoplasm, its affection to the 
chloroplast is not so great. Perhaps, the chloroplasts in nucleated halves seem to 
be already in the so-called “vesidual state” in which there no longer remains any 
more affectable points of these inhibitors. Although the chloroplast senescence in 
the nucleated halves of the materials treated with sodium azide was certainly re- 
tarded, yet, perhaps, this seems to be due not to the direct inhibiting effect on the 
chloroplast senescence by this poison, but rather to the indirect influence that the 
nucleus, which acts to shift the chloroplast into the senescence, was completely 
damaged by this poisonic affection and in consequence the protoplast approached to 
almost similar state to that of enucleated halves. 

According to Porter (1953)!%, the sodium fluoride selectively inhibits the action 
of phosphatase. Ono and Konagamitsu (1957)!) also reported that the existence of 
acid phosphatase inhibits directly and indirectly the formation of starch in leaves, 
and they pointed out, therefore, that the starch formation was rather accelerated by 
the addition of the sodium fluoride (10-?~10-°M) to substrate. But in the present 
case, on the contrary, the abnormal accumulation of starch in the chloroplasts in the 
enucleated halves was completely hindered and the chloroplasts were left in the 
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same state as in normal ones without any more alteration. Perhaps the sodium 
fluoride attacked some points in the metabolic system of chloroplast in the enu- 
cleated halves with similar effect to the regulation by the existence of nucleus. In 
fact Bishop and Gaffron (1958)'*) recently reported that the effect of sodium fluoride 
on photosynthesis of green algae was found to be very complex: in some instances 
complete inhibition occurred, whereas in other experiments there was no inhibition. 

It was found out by Clifton (1937)! that the DNP has a marked inhibitory 
effect on starch formation. But recently Berke and Rothstein (1957)!®) noticed that 
the DNP acts by increasing the rate of dissimilation rather than by inhibiting the 
assimilation. Really, the fact that not only the starch was never newly stored in 
the chloroplasts in materials treated with DNP but even the pre-existing starch was 
depleted very rapidly and almost completely, can be well understood in such con- 
nection. According to Brachet (1951)', the DNP leads to a blocking of the normal 
coupling between oxidation and phosphorylation, and interrupts various synthetic 
processes. And it was discussed that as the non-nucleated amoeba would behave 
just like cells treated with DNP, the nucleus plays some parts in the synthesis of 
the coenzymes necessary for this coupling. In the present case, however, its affec- 
tions was utterly opposite; it was shown that the existence of nucleus brought 
about a degenerating influence similar to the DNP-treatment on the chloroplasts. 

In the previous paper” it was inferred that the nucleus might play an impor- 
tant role in the catabolic processes of chloroplast. Indeed recently Ueda (1959)? 
confirmed that the separated chloroplasts lost in a few days the accumulated starch 
in them after restitution into the cytoplasmic mass containing nucleus, and in con- 
sequence, it was concluded that the nuclei are contributing to a successive degrada- 
tion of assimilated starch, so as to make it available for further metabolic trans- 
formations. Brachet (1958)) thoroughly discussed that in non-nucleated Amoeba 
cytoplasm the carbohydrate metabolism is deficient?!), and its more likely explana- 
tion might be found in a suppression of the formation of very important coenzyme, 
DPN, which is synthesized in the nucleus,””),?%),*4) and that the activity of some of 
the cytoplasmic enzymes might be regulated by the production and release of coen- 
zymes from the nucleus. And Arnon e¢ al. (1958)°°) also reported that the photo- 
synthetic phosphorylation by isolated chloroplasts is coupled with TPN reduction. 
After all, the catabolic processes of chloroplast are probably dependent on the sup- 
ply of some necessary co-factors by nuclear action, though the chloroplast has an 
autonomy”®2”) in a considerable degree. And the normal metabolic equilibrium of 
chloroplast as a whole will be controlled by such an antagonistic relation. The 
abnormal enlargment and starch accumulation of the chloroplast in enucleated halves 
seem to be the consequence of the disturbance of the metabolic balance owing to 
the retardation or absence of the decomposition by the deficiency of some co-factors 
normally supplied by the nuclear influence. 

These poisons used here are powerful inhibitors of the various enzymes”). But 
they are not always absolutely specific and affection is very extensive and compli- 
cated. It is very difficult, therefore, to conjecture, from these results alone, the 
precise points attacked by these inhibitors in various metabolic processes of the 
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chloraplast. The comparison, however, between the control, and the results of inhi- 
bitor treatments clearly shows the interesting fact that the influence of the presence 
of nucleus on the chloroplasts resembles the affection of these inhibitors on the 
chloroplasts freed from the nuclear control. The present result suggests that the 
nucleus is never normally functioning under such an abnormal and compulsive con- 
dition as a plasmolytic treatment. Probably the nucleus is apt to become necrobiotic 
in its function in such a condition, and such necrobiotic nucleus will shift the meta- 
bolic equilibrium of the chloroplast toward the necrobiotic senescence in consequence 
of a disturbance of normal metabolic system similar to the affection of some poi- 
sons. And even if the chloroplast is brought under such a condition no remarkable 
necrobiosis occurs so easily in the intact chloroplast so far as it stands outside of 
the influence of nucleus. In fact, the vital activity of chloroplasts in nucleated or 
enucleated halves was confirmed already by means of the silver-nitrate reduction”). 
According to Maruo e¢ al. (1953)3) and Ono (1956)'*) the Ca** ion inhibits the starch 
formation. And also it has been known that the plasmolytic condition strongly 
depresses the photosynthesis *”-%*)-38) and, in a green alga, the respiration®”), and it 
was explained as owing to the dehydration from plasma. But as already mentioned 
above and in the previous paper!), the result of this study suggests that the influ- 
ence of plasmolysis on the chloroplast function is not direct but indirect, through 
necrobiotic affection of nucleus harmed by plasmolytic treatment, because even in 
the same experimental culture with CaCl, plasmolysate the chloroplast is able to 
keep an active ability of the starch formation and others so far as it stands outside 
of the influence of nucleus. And also, as is well experienced, in inactive plants 
grown in shadow, under-nurishment, and in other unfit conditions, the decomposition 
and disappearance of assimilated starch in chloroplasts is frequently very sluggish 
even in a dark condition. And it will be conjectured that such phenomena also may 
be related to the decrease of nuclear activity which plays an important réle in the 
catabolic processes of chloroplast. 

Various questions are, however, yet far from settled and new experimental ap- 
proaches are obviously necesssary for us to make more definite progress in the study 
of the correlation between the chloroplast and the nuclear function. 


Summary 


In order to gain some informations concerning the function of the nucleus and 
its correlation with other cell elements in normal metabolic phase of the cell, the 
effects of some metabolic poisons on the chloroplasts in the protoplasmic halves of 
an Elodea leaf cell, which were obtained by means of the plasmolytic treatment, 
were compared with the influence of presence or absence of nucleus in them. And 
from extensive considerations, the following conclusions were obtained ; 

1) The nucleus is probably apt to suffer from a delicate necrobiosis under the 
abnormal and compulsive condition such asa plasmolytic treatment, and such necro- 
biotic nucleus affects the normal metabolic equlibrium of chloroplast, and shifts it 
toward the necrobiotic senescence similar to the effects of some poisons. 


2) The chloroplast has a considerable autonomy, but its catabolic processes are 


October 1959 Bot. Mag. Tokyo, Vol. 72, No. 856 403 


probably dependent on the supply of some necessary co-factors by nuclear action. 
3) The depression of photosynthetic activity in the plasmolytic condition is not 


owing to direct affection to the chloroplast function but indirect influence through 
the necrobiotic nucleus. 
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Varying photosynthetic activity of leaves accompanied by aging has successfully 
been studied with coniferous and broad-leaved trees?»”»®»”. With herbaceous plants, 
however, only a few, rather fragmental data” are so far available, probably because 
of the promptness of the variation of photosynthetic activity. The author will 
present here some results measured with herbaceous crop plants. On the other 
hand, the CO.-fixation of plant population as a whole implies summation of the 
photosynthesis of all the. constituent leaves, different in activity, such as sun and 
shade leaves in trees, or younger and older leaves in herbaceous plants. Moreover, 
the way in which such functionally different leaves contribute to the total photo- 
synthesis in a plant community will be discussed. 


Variation of photosynthetic activity with aging of 
leaves in some herbaceous plants 


Green gram (Phaseolus viridissimus) and buckwheat (Fagopyrum esculentum) were 
used as experimental plants. Green grams were sown at an interval of 10cm. in 
square disposition. The sprouted young plants were thinned properly so that no 
mutual shading of leaves might occur. Magnitude of photosynthetic rate measured 
at saturated light intensity (25 kilolux), constant temperature (25°+1°) and 0.03 
volume per cent. of CO, was defined as photosynthetic capacity. Measurements of 
photosynthesis were made using detached leaves by the same method as reported in 
a previous paper”). After ascertaining stomatal aperture of the leaves microscopically, 
the leaves were instantly subjected to duplicate photosynthetic measurements. After 
these the stomata were reexamined. The mean value of these apparent photosyn- 
thetic capacities was plotted against days after sowing in Fig. 1, except for values 
obtained in the leaves whose stomata had not been well opening. In older stages 
of growth, keeping the stomata open during each measurement was so difficult, that 
only a limited number of values were available. As seen in Fig. 1, when taking 
leaves at a definite number of node, the varying pattern of the photosynthetic ac- 
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tivity with aging is not es- 


: mg.CO,/50 em2/h 
sentially different from that of 5 


rs a 
tree species?» The most re- z 
markable difference between ae 
the two types of plants lies in = 
the length of life of individual z , : 
leaves; activity in ordinary 0 Lb edn: Aes ea 
broad-leaved trees, in general, po ee pat De ee 
remains over full growing Fig. 1. Variations of photosynthetic capacity in 
season, and the maximal effi- Phaseolus viridissimus leaves accompanying with leaf 


ciency, for example, of Zelkowa age. Solid Ress solitarily grown plants (sown at 
Line eee meen ne Aug. 8, 1956). Broken lines: mixed planting with 

pone . ee ee Oe Fagopyrum esculentum (sown at July 4, 1957). Dotted 
ed for two and half months,” line indicates the day of leaf appearance. 


while in this green gram and 

rice plants? the life of leaves was markedly shortened, and maintenance of the 
highest activity did not exceed even one week. In stead, a higher level of activity 
in this plant was notable compared with the activity so far measured in trees)”, 

Similar pattern was also confirmed in the buckwheat plants which were planted 
alternatively with green gram plants in square disposition, intervals between plants 
being held 10cm. (see also Iwaki*®) 1959). Buckwheat leaves did not receive any 
shading effect of green gram leaves, because main stems of the former elongated 
more rapidly than those of the latter, though a slight self-shading still occurred. 
Variations of photosynthetic capacity with aging in the measured leaves of the 
buckwheat plants are summarized in Fig. 2. Compared with green gram, it will 
be seen, buckwheat is characterized by its further shorter plastochrone (2-3 days) 
and life of leaves. For this promptness of senescence, the shading of the lower 
leaves may be responsible, as indicated in soybean by Kusumoto® with two compara- 
ble plants grown solitarily and in community state. 

In our mixed planting, green gram plants gradually fell under the shade of 
faster elongating buckwheat plants, and 
the third leaves of the former unfolded 
and expanded under a relative light in- 
tensity from about 50 to 85 per cent. 


10 > Such circumstances were reflected in the 
hea ; oes level of the photosynthetic capacity, 

: oP L/\ namely, it was significantly different 

fa = Ny from that of normal leaf at sunny place 
ee 25 "oe, and comparable with, so to speak, shade 
; leaf type. The maximal activity has not 

capacity of Fagopyrum esculentum leaves attained to more than 5 mg. 8 Sq. 
accompanying with leaf age. Leaves were cm./h. (Fig. 1), and the leaf thickness 


numbered upward along main stem. Oddly expressed as leaf dry weight per unit 
numbered leaves were not measured. 
Dotted lines indicate the times of leaf 
appearance and falling. 
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Fig. 2. Variation of photosynthetic 


leaf area was less than 80 per cent. of 
the thickness of the normal leaf devel- 
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oped in full sunlight. 


Variety in photosynthetic activity among leaves of 
individual plant 


From foregoing, the leaves are, as photosynthetic agency of a plant community, 
expected to have a specific distributional pattern, determining not only the vertical 
light distribution, but also the gradient of functional activities such as photosyn- 
thetic rate and respiratory one. This was more clearly shown in an experiment 
with Celosia cristata. Seeds of this plant were so densely sown (June 20, 1955) in an 
experimental plot that a keen intraspecific competition had took place, and conse- 
quently, when measurements were made, only a small number of the original 
seedlings were left alive. Photosynthesis measurements were made in a material 
plant bearing 48 leaves and an inflorescence, about 6cm. in length, from Sept. 7 to 

12, 1955. The area of the several 


leaves near the inflorescence was 


st 
: F fee bE so small that the leaves could not be 
= } 3 used for the measurement. When 
e er leaf lamina was too broad to use, 
F only its separated small part with 
z petiole was used. Light-photo- 
Z synthesis curves measured with 
i j some sample leaves were shown 
a 4 4 + = in Fig. 3. As expected from the 
K Lux foregoing experiments and results 
Fig. 3. Light-photosynthesis curves in Celosia of other workers*)»)-®, activities 
cristata leaves at vertically different positions of of the lower leaves were rather 


stem. The leaves were numbered upward from 


low. The lowes 7 
the lowest one left alive. cos ee es ach 


lowest in activity, and the incli- 
nation of the curve at weaker light is also smaller than that of other leaves, cor- 
responding to its chlorophyll deficient, yellowish colour. The young leaves (the 
37th to 39th leaf numbered from the lowest) were at the highest level of activity. 
This may probably imply that they were already matured though their sizes were 


Table 1. Leaf size, photosynthetic capacity and respiration in the leaves at 
different stem positions of Celosia cristata plant in a community state. 
The leaves are numbered upward from the lowest leaf left alive. 


Tae a unisee Leaf size (unilateral) Photosynthetic capacity, Respiration at 25° 
* fics cm. | mg. CO,/50°sq. cm./h. mg. CO2/50 sq. cm./h. 
Ist (yellowish) 45. 6 2.6 : 0. 23 ey . 
6th (green) 42.0 4.9 0.58 
10th (green) Beal ae O57 
15th (green) G13 _ 0. 61 
20th (green) 635 Sao) 0. 87 
37th-39th (green) Oa) 8.3 i, (OL) 
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very small (Table 1.). Besides, comparison of these curves will provide a significant 
correlation between photosynthetic activity and respiratory one. It is summarized 
in the Table with the data on leaf size. 


Relation between arrangement of functionally different leaves 
and total photosynthesis of a plant community 


Productivity of a plant community is sustained by photosynthesis of the con- 
stituent leaves, different in activity as indicated above. It must, however, be remem- 
bered that the active leaves are, in general, situated at the upper bright parts and 
the inactive ones at the lower parts of main stem. It is also the case in the trees 
which carry sun and shade leaves. The significance of such characteristic activity 
gradient on the productivity of the whole plant community should be clarified by 
considering it in connexion with corresponding vertical illumination gradient. It 
has already been emphasized that in lignosa and herbosa only a small fraction of 
light can reach the vegetation floor. The lower leaves, owing to limitation imposed 
by such low illumination, can expect higher productivity only when lowering the 
respiratory loss, because gross photosynthesis of these leaves in weak illumination 
lies in the same highest level as in upper leaves'. Lower respiratory activity 
is generally associated with lower photosynthetic activity (see Table). So far as 
plants construct a dense plant community, such high activity as displayed only 
at high light intensity should, for the deeply shaded lower leaves, be scarcely any 
use. Furthermore, it may also be stressed that thinness of shade leaves, or of 
old leayes being deprived of nutrients for upper young growing parts is favourably 
efficient for high productivity of the plant community as a whole. Consequently, 
it is concluded that the characteristic arrangement of functionally different leaves 
both in herbosa or lignosa is most effective for yielding higher productivity. 

The inclination angle of light-photosynthesis curve in weak illumination is 
determined largely by chlorophyll content of leaves, which attains in general to a 
level high enough to provide a maximal efficiency in such an illumination"). There- 
fore, different leaves of a plant display in weak illumination a similar photosynthetic 
activity, except for very young and old yellow leaves, as realized in Celosia (Fig. 
3) and soybean"). So, the most of the leaves practically work under the light con- 
dition in a dense plant community along one and the same photosynthetic curve 
which is obtained in the upper leaves with high activity. This can be supported 
with the experimental data presented by Yamada et al.'!) Though this may not be 
adopted to very young or old leaves, their participation in total photosynthesis of 
the plant community is negligibly small. As a conclusion, for the purpose of 
estimating the total photosynthesis of a dense plant community, it is very reasonable 
and also convenient to adopt the light-gross photosynthesis curve in an active leaf 
such as just matured, and the mean respiration rate of all constituent leaves. 


Summary 


1. Variation of photosynthetic activity with aging of leaf was pursued, using 
green gram (Phaseolus viridissimus) and buckwheat (Fagopyrum esculentum) leaves at 
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early stages of growth. Compared with trees so far measured, these herbaceous 
species are characterized by very brief life and duration of the highest level in 
photosynthetic activity of each leaf, though the form of varying pattern was the 
same as in trees. 

2. Ina plant community, as indicated with Celosia cristata, the constituent leaves 
different in activity are arranged on a specific pattern, which is most favourable to 
the total photosynthesis of the plant community, if considered in connexion with 
light distribution within the plant community. 

3. For estimating total photosynthesis of a dense plant community, it is rea- 
sonable and also convenient to adopt the light-gross photosynthesis curve obtained 
in a upper leaf with high activity, and mean respiration rate of all constituent 
leaves. 


The author wishes to express his cordial thanks to Prof. M. Monsi for his 
valuable advice. 
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A Note on the Internal Callus Formation in Radish Roots 
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With respect to the thickening growth of roots, those of radish (Raphanus 
sativus var. hortensis) have been anatomically observed by Golinska!), Namikawa and 
Sawamura*), Hayward®), etc. The succulent portion of this plant comprises two por- 
tions, root and hypocotyl. In both of these parts their development is taken place 
in a fairly similar way: the thickening growth is carried out by the activity of 
cambium ring and of many secondary cambia, which arise in the secondary xylem. 
The activity of general division and growth of the parenchyma in the secondary 
xylem are also incorporated. 

In an anatomical comparison between a horticultural variety (Moriguchi-Daikon) 
with a long and slender root and another variety (Sakurajima-Daikon) with a gigan- 
tically thickened root, the present author has found that in the latter variety the 
secondary cambia develop vigorously and the xylar elements are scarcely lignified 
except vessels and those in their vicinity. These observations agree with those 
made by Soeding*) in the roots of Brassica Napus. He compared anatomically a 
variety (var. napobrassica) which has a thick root with another variety (var. raps) 
with no such a thickened root. Moreover another resemblance has been found be- 
tween Raphanus and Brassica. In the early stage of the development, a small hole 
arises in the center of the root and sooner or later this hole is found being filled 
up with parenchymatous cells from the surrounding tissue. A detailed observation 
on this phenomenon will be stated here. 

Three horticultural varieties of Raphanus, Moriguchi-, Sakurajima-, and Mino- 
wase-Daikon, grown under usual cultural conditions were observed. Of these the 
Minowase-Daikon is one of the most common radishes in Japan. In each case the 
succulent portion was examined in definite intervals from the beginning of germi- 
nation to the harvest time. Sections, fresh or fixed, were stained with Delafield’s 
haematoxylin, and mounted in glycerol or balsam. 

The radish root has a diarch actinostele. In the xylary development, the meta- 
xylem continue to differentiate between the two protoxylems so that the vessels of 
the primary xvlem come to arrange in one row. Then the vessels of the secondary 
xylem develop on both sides of the primary xylem strand in the neighbourhood 
where the two metaxylems have been fused. 

In the Moriguchi-Daikon, a cavity formed lysigenously was first observed in a 
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root of the seedling of 19 days old after the sowing. At that time the maximum 
diameter of the root was about 3 millimeters. Such a cavity is recognizable much 
clearly in a 24 day old root (max. dia. 4mm.). Usually the cavity appears in a place 
between the primary xylem and the secondary one. Frequently it arises also in the 
secondary xylem closely adjacent to the primary xylem. Soon the cavity grows into 
a small hole through breaking of the surrounding tissue. The brownish remnants 
of the ruptured cells are seen attaching to the wall of the hole. The vessel strand 
of the primary xylem is often broken, being separated in two or more parts by the 
development of the hole. 

In the Minowase-Daikon, a cavity was first seen in a root of 24 days old after 
the sowing (max. dia. 4mm.), and in the Sakurajima-Daikon it was recognized about 
40 days after the sowing (max. dia. 10mm.). However, in the Moriguchi-Daikon, as 
mentioned above, the cavity was found in a19 day old root. In the last variety the 
thickening growth extends most rapidly towards the root tip. The beginning of 
the above-mentioned lysigenous cavity, therefore, seems to have an intimate relation 
to the rapid thickening growth in the early stage of development. It is difficult 
to decide exactly at what part of a root the split or cavity first appears, but usually 
the split seems to occur at the middle or rather upper part of the thickened por- — 
tion along the root axis. 

After the formation of the small cavity or hole, callus cells develop toward the 
cavity from the cells of the surrounding layer of this cavity (internal callus for- 
mation). In Figs. 1 and 2, the internal callus formation observable at the basal 
part of the hypocotyl is shown, where the structure is almost identical with that 
of the root. Round, rather large thin-walled cells appear at the parts of the cavity 
wall (Fig. 1), where the coloured disintegrated cells are absent. The phenomenon 
reminds us somewhat of “tylosis” or “tylosoids”. The cells grow and devide 
in making a parenchymatous tissue (Fig. 2) and the cavity is filled up with this 
tissue (Fig. 3). In most sections of the root, it is usual to observe either a cavity 
formed lysigenously or that closely filled with parenchymatous cells, and a transi- 
tional state between these is rarely seen. Accordingly it is conceivable that the 
hole can be filled up with parenchymatous cells very rapidly after the formation 
of callus cells. The parenchymatous tissue in question originated from the callus 
cells continues further cell division, and attains, at the harvest time, the size of 
several hundred micra to about 2.5 millimeters in length in transverse section (Fig. 
4). During earlier stage of the thickening growth, it is highly probable to think 
that the break down of tissue (cavity formation) and the callus formation are re- 
peatedly taken place by turns. 

In mature radish, the tissue derived from the callus is macroscopically observa- 
ble at the middle and the lower parts of the succulent portion. At the upper part, 
however, it is usually difficult to recognize the presence of the tissue as such unless 
the microscope is used, since lignified secondary cambia and small parenchymatous 
cells enclose the tissue. 


In a sample of the Moriguchi-Daikon, 78 days old, a cavity like a pin-hole was 
found in the lower part, near the end of the succulent portion. A few callus cells 
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Process of callus formation in the central portion of radish roots. 


Figs. 1-2. Sakurajima-Daikon: the basal part of the hypocotyl, about 40 days 
after the sowing. Figs. 3-4. Moriguchi-Daikon: 33 and 105 days (harvest time) 
after the sowing. All show transverse sections. 


Fig. 1. Appearance of callus cells from the cavity wall. ca. «220 

Fig. 2. Callus cells filling up the cavity. ca. x145. 

Fig. 3. Showing a callus tissue (). px—primary xylem. ca. «150. 

Fig. 4. Callus tissue (7) which developed well. sc—secondary cambia. ca. x16. 


are seen in this cavity. No growth and division seem to occur in them. Moreover, 
the walls of cells surrounding the cavity are undergone lignification, thus a new 
callus formation being restricted. 

In spite of his precise description on the root of Brassica, Soeding*) reported 
the filling up of the hole as being due to the rapid intrusion of the surrounding 
parenchyma, without noticed the callus formation. As Soeding stated, the occurrence 
of the small hole can presumably be attributed to the stronger growth in the neigh- 
bourhood of the cambium ring than in the central portion. In the Shogoin-Daikon, 
another horticultural variety of radish, Fujita®) reported that the pith tissue that 
develops only at the upper part of the hypocotyl can be destroyed mechanically by 
vigorous growth of the surrounding portion in making a cavity there. This cavity 
remains as a large hole, not being filled up with callus cells. Here, the conclusion 
may be made that the process of the hole formation is the same in nature in all 
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cases of Sakurajima-Daikon, Minowase-Daikon, Moriguchi-Daikon and Shogoin-Daikon. 
In usual cases, the hole is repaired sooner or later by the formation of callus tissue, 
but at the upper part of the hypocotyl, where the pith tissue is present, the callus 
formation does not keep its pace with the growth of the tissue surrounding the 
hole, and may remain as a large one. Such a large hole can often be seen, espe- 
cially, in varieties which develop a large thickened hypocotyl, such as Sakurajima- 
Daikon and Shogoin-Daikon. 

In closing the brief note it may not be superfluous to add that the process of 
wound healing in grafting is a sort of inner callus formation. 


The author wishes to express his hearty thanks to Prof. S. Imamura and, to Lec. 
K. Kato of the Faculty of Science, Kyoto University, for their constant help and 
criticism. Also he thanks to Prof. S. Nakamura, of the Kagoshima University, and 
to Mr. K. Takasugi, of the Gifu Agricultural Bere Station, for their kind- 
ness of supplying the materials. 
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Ecological and Physiological Studies on the Vegetation 
of Mt. Shimagare 
II. Intraspecific Competition and Structural Development 
of the Abies Forest** 


by Sumio KUROIWA* 


Received May 29, 1959 


Intraspecific competition of plants has been investigated not only by silvicul- 
turists and agriculturists with practical concern for sound management of the forest 
and crop field, but also by ecologists with purely scientific interest since the classical 
studies of Clements ef al.!) Recently Kira et al.” have succeeded in mathemati- 
cal formulation to elucidate some of the problems concerned. On the other hand, 
studies on the intraspecific competition have been advanced on the basis of dry 
matter production of plants by Boysen Jensen®»”, Satoo”®)®, Twaki!, etc. 

As for forests, however, it has not yet been pursued how the forest stand 
changes its structure successively with its development through the intraspecific 
competition, mainly because of difficulty to find out a serially aged stand in an 
identical macro-environment. For the study of this problem the Abies forest in Mt. 
Shimagare seems to be a very fitted object, as it consists of several Forest Units of 
serially aged trees which are arranged spatially in a characteristic order as reported 
in a previous paper’. 

In the present paper the author will discuss the frequency curves of tree 
measures of the Abies, such as height, trunk diameter and tree weight, and the tree 
density, then will demonstrate the development of productive structure of tree 


classes in the stand. 


Method 


As reported in a previous paper’), Abies Veitchii hardly differed from mixed A. 
Mariesii in tree size and density throughout the stand development in this region. 
Therefore, without distinction of these two species, trunk height and diameter 
breast high (or basal diameter at young stand) were measured for every tree which 
existed in the sampling area of Forest Unit IV and V, besides the determination of 
tree density. In young stands, several standard trees were selected from represen- 
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tative tree classes, dominant, intermediate and suppressed. These trees were di- 
vided, after the stratifying clip method (Monsi and Saeki!2)), into needles, branches, 
trunk and roots in several strata, then each of them was weighed respectively in 
order to illustrate the productive structure of individual tree and furthermore of 
the young stand as a whole. 


Frequency distribution of tree measures 


In regard to the frequency distribution of trunk height, the young stand showed 
somewhat asymmetric curve having the mode at the smaller class, while the mature 


e@eTree Height 
OD B EH 


ae 


Fig. 1. Development of frequency curves of tree height (A) and diameter breast 
high (B) with stand age. The absolute tree sizes of the smallest survivors at each 
stand age (the starting points of the frequency curves in A and B) are shown in 
Fig. 1-C. Forest Unit V in the Abies forest of Mt. Shimagare. 


stand showed a roughly normal curve (Fig. 1-A). As for trunk diameter, the asym- 


metric frequency distribution was also seen in the young stand and this character 
was maintained throughout the stand development (Fig. 1-B). Such an asymmetric 
curve and normal one were designated by Kira et al.2) as L-shaped and N-shaped 
type. 

In constituent trees of the young stand, the relationships of basal diameter (D) 


to needle dry weight (F) and to tree dry weight (W) can be formulated as follows 
(ets Kigte2) 


where Fy, Wy, f and w are constants (f and w were 3.0 and 2.7 in the observed case). 
Assuming these relations to be applied also to mature stand, the frequency distribu- 
tions of F and W in each developmental stage are able to be derived from distribu- 
tion of D in the corresponding stage. The F-frequency curve which is composed 
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with plotting F,D%° on cubic scale (see Formula 1) 
becomes the same L-shaped curve as the D-frequen- 
cy curve in Fig. 1-B, and consequently the F-fre- 
quency curve should become on an arithmetic scale 500 | 
an extremely L-shaped one. Furthermore, on 
arithmetic scale, the F-frequency curve has to skew 
in higher degree than the W-frequency curve, be- 100 | 
cause the value of f in Formula (1) was larger than 
the value of w in Formula (2). These extremely L- 
shaped frequency distributions of needles weight 
and tree weight are kept throughout the stand 
development, because the diameter distribution was 
continuously of L-shaped curve. 

As to the intraspecific competition in weight 
growth Kira et al.”»® have found the following: 
(1) the N-type of weight frequency curve in seeds i 
and yearlings gradually skews into the L-type with 
the stand development, and (2) the time length re- 
quired to reach the L-type is shortened with increas- 0.25 = 
ing plant density. Regarding the serially aged we ae ol 
Abies stand started from an overpopulated young ae 


Bae Fig. 2. Linear relations of 
growth'), it seems to be natural that the severe Soc Chemetsa (Pe easel 


2000 


1000 


50 


10 


Dry Weight (g) 


o1 


eae 
30 Hae S. 
/ 


intraspecific competition concomitant with overpopu- weight (W), and to needles 
lation occurs so early that skewing of frequency dry weight (F) on a log-log 
curve of tree weight has already been finished in coordinates. Young Abies 


stands of Forest Unit V. A.V. 


the youngest growth which was unfortunately not Sl eli cis RM Uae Oreste 


surveyed, and consequently that the above mentioned 
frequency curves of the estimated tree weight showed only the extreme L-type. 
The N- or somewhat L-shaped frequency curve throughout the Abies stand develop- 
ment, however, seems to be owing to the cooperative interaction in stem elongation 
among the constituent plants, in agreement with the results analyzed by Kira et 
al», and with the data presented by Yamada’). 

With regard to the characteristic measures of tree, the weights of needles, 
branches and trunk, and the basal area, it may be silviculturally an interesting prob- 
lem whether or not the total stand value based on the frequency histogram is 
identical to the product of the tree density and the value obtained in an average 
tree for the D-frequency distribution. Satoo and Senda’) have found a difference 
between these two values regarding needles and branches of Chamaecyparis obtusa, 
though they did not mention a statistical significance of the difference. The sig- 
nificance will be ascertained with clarifying how the diameter size relates to the 
other characteristic measures of tree. For instance, in case of needles weight, tree 
weight and basal area in young Abies stand, it will be ascertained by using the 
relations of diameter to needles weight (Formula 1), to tree weight (Formula 2) and 
to individual basal area (7D?/4). According to the theorem in inequality, the fol- 
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where P,, P.,°--* P,, and: Diy Dawe D,, are tree number and mean diameter size in 
each diameter class, respectively. The first term of Inequality (3) indicates an aver- 
age tree diameter for the frequency curve of estimated needles weight, the second 
does an average one for the frequency curve of estimated tree weight, and the third 
an average for frequency curve of individual basal area. Therefore, a tree diameter 
is the largest in the average for needles weight frequency curve, the middle in the 
average for tree weight frequency curve, and the smallest in the average for basal 
area frequency curve. The larger the diameter, in general, the larger both the 
needles weight and the tree weight. Accordingly, it can be concluded that the tree 
weight and needles weight of an average tree for needles weight classes are the 
largest, those of an average tree for tree weight classes are the middle, and those 
for average one for basal area classes are the smallest. Both the needles weight 
and tree weight per stand will be underestimated, if the assesment is made based 
on an average tree for the D®-frequency distribution. The measures of the average 
tree for basal area can directly be applied as the true average for the other tree 
measures, only when these measures are expressed as linear function of D®. In the 
same manner, it may also be concluded for Satoo and Senda’s data”) that the calcu- 
lation based on an average tree for basal area causes a slight underestimation of 
the needles weight and branches weight per stand, because these values of Chamae- 
cyparis trees were linearly related to D?:* and D*?, respectively. 


Tree density 


Self-thinning of Abies trees under severe intraspecific competition was discussed 
in a previous paper’), and there existed a linear relation between the logarithmic 
values of tree density (9) add Plot Nos. within each Forest Unit, except for the 
overmatured stand. As Plot Nos. can be replaced directly by stand age (¢) 


th} 
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where , is initial density and 7 is a constant. Then, o’=—r,0. This means 
that the annual mortality of tree was constant independently of stand age (the mor- 
tality in Forest Unit IV and V was ca. 7.5%). On the other hand, the mortality in 
the smallest tree class could be estimated to be equal to the ratio of the marked 
area to the whole area of each frequency curve of Fig. 1-A and B, provided that the 
smaller the tree size the easier the tree is defeated in competition. The length of the 
abscissa of each area concerned was determined to be equal to the tree size incre- 
ment of the smallest survivor per stand for 5 years (hatched) or 10 years (hatched+ 
dotted)—This tree size increment was computed by using the relation between the 
stand age and the tree size of the smallest survivor (Fig. 1-C). The annual mean 
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mortality thus calculated was about 3% on 5 years basis and about 4% in 10 years 
basis in all observed stands except for 7o-year-old stand. The calculated mortality 
in the smallest tree class is, therefore, approximately only a half of the mortality 
gained from the annual decrease of tree density in the field. This indicates that 
the mortality in the smallest class is nearly equal to that in the other larger classes, 
and that the mortality at which the intermediates will be defeated by the dominants 
will decrease with size increment of constituent trees. 

In the standard trees (average trees for basal area) reported in Tab. 3 of a pre- 
vious paper’), the following linear relations are found out between tree age (ft) 
diameter breast high (D) and tree height (H). 


? 
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where d, d,, h and h, are constants, with inevitable exception of trees younger than 
ca. 14 years whose growth is depressed in the shadow of matured stand canopy of 
the upper Forest Unit!!). When these equations are combined with Equation (4), the 
relations of density to diameter and height will be expressed as follows: 


where 7, and 7, are constants. These imply that D and H are proportional to the 
logarithmic g/p,, and are proved with the empirical linear relations of p—D, and p— 
H in Fig. 3. These equations differ from Yoda’s") (including the so-called Reineke’s 
equation'‘)) where D and 4 are linearly related to p on log-log coordinates in place 
of semi-log ones. 

There existed roughly linear relation between the logarithmic dry weight of 
aerial part (Wa) and the stand age (ft) except for the overmatured, as indicated in 
Fig. 4 of a previous paper'. Com- 
bining this relation with Equa- 
tion (4) the logarithmic equation, 0.1 0.5 
log Wa=cy—c log p is derived, 
where c, and c are constants.—See 1000 
the relation of p—Wa in Fig. 3. This 500 
equation well accords with Yoda’s”, 
even in the value of constant c¢ (1.5 0 
in Yoda’s, and 1.45 in the above). 

The relation of total stand basal 
area (S) to stand age (ft) can be for- 50 
mulated through two steps: (1) by ‘ : a a 
means of modification of Equation H (m.) or D (cm.) 


(5), the individual basal area is ex- Fig. 3. Relations of tree height (H), dia- 
meter (D) and dry weight of aerial part (Wa) 
to tree density per are (pg), in standard Abies 
trees (average trees for frequency distribution 
m(D/2)?=a[ (d?/4)t?—(ddy/2)t+ of D2) in Forest Unit IV. A.V.=A. Veitchii, 


€?/4J=E,Cl—Et+E£; A.M.=A. Mariesii. 


Wa (kg.) 
1 a 5 50 


pressed as a function of f, ies 
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where E,, E, and £, are constants, and (2) multiplying this equation by Equation (4), 


S= 0) exp (—17 


fh (EP — Eat Es) 


The S maximum derived by differentiation should exist at the stand age 


t={2E 41+ (4B? +E? — 477 EE)" \/2E Wr 
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Fig. 4. Relation of total stand 
basal area (S) to stand age (t) and 
to diameter (D) of standard trees 
(average trees for frequency dis- 
tribution of D2). Forest Unit IV. 


In the Forest Unit IV the constants d, d, and 
r, are 16mm., 19.3mm. and 0.075, respectively, 
so the S maximum is expected to occur at about 
40-year-old stand. On the other hand, through 
modification of Equation (7), S can be expressed 
as function of Dor p. For example, as a func- 
tion of D, S=zp,(D/2)?exp(—7,D), and the S 
maximum exists at D=2/r,—_This diameter size 
is ca. 42mm. in this Forest Unit (7,=0.048). 
In the S-t and S-D curves of Fig. 4 which are 
formed on the basis of the observed data (Oshi- 
ma et al.1., Tab. 3), there is a maximum in the 
first half of both curves, in agreement with the 
above mentioned results of differentiation. The 
abrupt increase of S at the beginning of the 
last half of both curves would be due to the 
lower mortality in the fully matured stand. 


Productive stand structure 


The intraspecific competition in stand, as reflected in the difference of weight 
growth among constituent plants, has to analyzed on the basis of dry matter pro- 


duction. 


It is necessary, above all, to clarify how the variously sized constituents 


occupy their position in the productive structure of the stand, because the micro- 


environmental factors, especially 
light which influences directly 
on the dry matter production, 
are greatly different among 
stand strata!»!®, From this 
point of view, the productive 
stand structure of the Abies for- 
est was constructed throught 
the following three procedures. 
1) The productive structure of 
individual trees classified into 
the dominant, intermediate and 
suppressed based on tree height, 
was made up by the modified 


Fig. 5. Productive structures of individual trees 
of a 20-years-old Abies stand in Forest Unit V. The 
dominant, intermediate and suppressed are classified 
on the basis of tree height. The symbol F indicates 
needles; Cp, Cy and Cw stand for branches, trunk 
and roots, respectively. The areas with these sym- 
bols indicate the dry weight of respective organs. 
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stratifying clip method” ®»!».19 (e, g,, 
trees from a 20-year-old stand are 
shown in Fig. 5). (2) The productive 
structure of each of three classes was 
constructed by enlarging their individ- 
ual structure in proportion to the 
tree number of each class which was 
computed from the tree height fre- 
quency curve in Fig. 1-A and shown 
in Fig. 6. (3) The productive stand 
structure as a whole was reconstructed 
by means of integration of productive 
structures of these three classes. 


Fig. 6 shows the productive struc- 
ture diagrams of 14-, 20- and 23-year- 
old Abies stands of Forest Unit V. 
Also the productive structure of the 
aerial part of 26-year-old stand gave 
the same characteristic diagram as the 
presented stands. In all of these pro- 


ductive structures a larger part of : . . 1-20 
cm. 


the photosynthetic system, especially 
Fig. 6. Productive structures of Abies 


in its upper part, was occupied by 
the dominant, while the non-photo- 
synthetic (trunk, branches and roots) 
was mainly constituted by those 
of the dominant together with in- 
termediate class. In case of the 20- 


stands, 14-, 20- and 23-years old, resynthesized 
from individual productive structures of 
three classes, the dominant (blank), inter- 
mediate (hatched) and suppressed (dotted) 
(cf. Fig. 5). The symbol F stands for pho- 
tosynthetic system, and C for non-photosyn- 
thetic one, including trunk (Cy) and branches 
(Cg) and roots (Cw). The areas indicate 


dry weight per sq.m. of respective organs. 
The figures written in non-photosynthetic 
system show the tree number per sq.m. in 
each tree class, and the curves do vertical 
distribution of relative light intensity. 


year-old stand, the dominant, inter- 
mediate and suppressed were the 
percent. of 66, 27 and 7 in the photo- 
synthetic system, and 52, 41 and 7 in 
the non-photosynthetic. The stand 
height and root depth were of course represented by those of the dominant class. 
The young stand increased with its development in height, canopy height, root 
depth, total weight of non-photosynthetic system. The total stand needles in dry 
weight gradually increased with the stand age, and the ratio of non-photosynthetic 
system to photosynthetic system somewhat increased, too. Because of needle thick- 
ness increment with aging of needle, however, leaf area index was kept so constantly 
(ca. 5.0) that no significant difference was detected among the relative light inten- 
sities under these three forest canopies (see Fig. 6). 

It will be detailed in a paper being prepared how the difference in productive 
structure among tree classes causes the different productivity among them. 
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Summary 


In the serially aged Abies stands of Forest Units IV and V on Mt. Shimagare, the 
following were clarified. 

1. As for tree height, N- or somewhat L-shaped frequency curves were observed 
throughout the stand development, while in tree diameter only L-shaped occurred. 
The frequency distribution of estimated needles weight and tree weight showed 
extremely L-shaped curves. 

2. An average tree for basal area class should be, based on a mathematical 
theorem, smaller in diameter size, needles weight and tree weight than an average 
tree for needles weight class and that for tree weight class. 

3. Constant annual mortality of Abies trees was kept throughout the develop- 
mental stages excluding overmatured one. Half of the annual mortality seemed to 
be given rise to from the defeated trees in the smallest tree class. 

4. The trunk diameter and tree height were linearly related to the logarithmic 
value of tree density, and a linear relation was observed between tree weight and 
density on a system of log-log coordinates. 

5. It was practically as well as theoretically demonstrated that total stand basal 
area increased gradually in young stage, slightly decreased in mature stage, and 
again increased rapidly in fully matured stage. 

6. Productive structure of Abies stands was resynthesized from the productive 
structure of individual trees classified into the dominant, intermediate and sup- 
pressed. The upper part of photosynthetic system of young stand was occupied 
mostly by the dominants, while in the non-photosynthetic the major parts were con- 
structed by the dominants as well as by the intermediates. 

7. With development of young forest stand, the total dry weight of the non- 
photosynthetic system greatly, and that of the photosynthetic slightly, increased, 
though the leaf area index (5.0) remained almost constant. 


The author desires to express his deep obligation to Prof. M. Monsi and Prof. 
K. Hogetsu for their valuable advice and suggestions. 
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Short Communication 


Kinji HOGETSU*, Mitsuru SAKAMOTO** and Hiroshi SUMIKAWA*: 
On the High Photosynthetic Activity of Skeletonema costatum under 
the Strong Light Intensity. 


Se Ak + BiAsge** + YNR*: GE PICIt S Skeletonema 
costatum DRE EEA RICO T 


Received September 25, 1959 


It is well known that one or several kinds of phytoplankters show remarkable 
increase in case of the occurrence of red tide in a bay or of water bloom in eutro- 
phic lakes. In every summer the red tide mainly consisted of Skeletonema costatum 
appears along the coast of Haneda in Tokyo Bay. Considering such a rapid increase, 
we may expect the special features in the dry matter production of concerning alga. 
For the purpose of analysing the growth, therefore, the authors determined the 
photosynthetic activity of this alga, and found some interesting facts which are 
reported in the present paper. Another full detailed paper will be expected in the 


near future. 


* Department of Biology, Faculty of Science, Tokyo Metropolitan University, Setagaya, 
Tokyo, Japan. RMAF SRE FAS 


** Water Research Laboratory, Faculty of Science, Nagoya University, Nagoya, Japan. 
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The photosynthesis was measured in the laboratory under varying illumination 
at 20°-25° within two or three hours after sampling water, and by means of Wink- 
ler’s method. As the light source 500 and 250 watt reflector lamps were used, and 
the maximum light intensity employed was about 140 k-lux, which is somewhat 
stronger than the maximum one in the natural condition. The amount of chlorophyll 
contained was determined colorimetrically after converting the chlorophyll to pheo- 
phytin. 

It is remarkable that in the light-photosynthesis curves of S. costatwm there is 
no or little depression of photosynthesis even under the condition of the strongest 
light intensity, in opposition to the results in many former reports concerning the 
photosynthesis of phytoplankters. The assimilation number measured falls in an 
extremely high range of 24-45 O, mg./chlorophyll mg./hr. These high values have 
not been reported upon the natural algal population so far as we know (cf. Table). 
Also Microcystis aeroginosa which is a main component of water- bloom shows the 
same photosynthetic behavior in its developing stage. 


Assimilation number (O, mg./chl. mg./hr.) of Skeletonema costatum, the 


main component of the red tide in Tokyo Bay, and of several 
algal populations in some Japanese lakes and sea. 
' Assimilati Domi t . 
Location Date tiie cue Sees Investigator 
Tokyo Bay 26 Vil e958 AR: Skeletonema | Hogetsu, Sakamoto & Sumikawa 
| 10 VII 1958 45, 2 ” ” 
| 10 VII 1958 28.9 ¥ of 
| 30 VIII 1958 Wis 2 ” 
26 VI 1959 23.2 © *) 
Pond in | 6 VIII 1958 TA i7, Microcystis Hogetsu, Sakamoto & Sumikawa 
Park Himonya | 23 VII 1959 33.2 A : 
(Meguro, Tokyo); 31 VII 1959 QO R: es 
15 VIII 1959 gist ‘i : 
| 25 VIII 1959 11.0 s . 
Lake Kasumigaura 16 V 1957 Oul Microcystis Ichimura & Aruga, 1958 
Lake JOnuma 29 X 1956 8.2 Chlamidomonas - 
Lake Tega 29 V 1956 6.8 Fragilaria af 
Lake Suwa 6-8 XI 1950 6.3 Hogetsu & Ichimura, 1954 
Lake Haruna ZOE 1956 eae Asterionella Ichimura & Aruga, 1958 
Lake Kawaguchi | 28 VI 1956 4.6 Melosira Fe 
Lake Ashinoko | 23 V_— 1958 1.4 . 7 
The Pacific Ocean | 5 
off Japan | 2-9 V 1958 1. 24-9, 1* Ichimura & Saij6, 1959 


* These values are computed by the authors from Ichimura & Saij6’s data obtained 
by the C14 method. 
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Carr, D. J. and Ng, E. K., The sequestration of calcium from preparations of 

wheat coleoptile cell walls. Physiol. Plantarum 12:264-274 (1959). 
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Ng, E. K. and Carr, D. J., Effects of pH on the activity of chelating agents and 

auxins in cell extension, ibid. 12: 275-287 (1959). 
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M. Zalokar, Nuclear Origin of Ribonucleic Acid. Nature 183:1330 (1959). 
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Leat Development Following Longitudinal Split of the 
Shoot Apices of the Germinating Embryo and 
the Seedling in Sesamum indicum L. 


by Jun HANAWA* 
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It was observed by the present author®»2) that when the apical meristem of the 
embryo of Sesamum indicum L. was split longitudinally into two halves along the 
intercotyledonary plane, each of halves regenerated a new shoot, which was fur- 
nished with a double-leaf formed by lateral fusion of the opposite first leaves. In 
the present investigation, longitudinal incisions were made on the shoot apices of 
germinating embryos and young seedlings, for the purpose of studying the effects 
of such operations at different developmental stages upon the first leaf develop- 
ment. 

Longitudinal incisions on the shoot apices were made every one day during the 
period of four days after sowing. The techniques of incision and the method of 
raising the operated seedlings described in the previous papers?) were followed. 
At the same time, observations were made on the growth of intact shoot apices and 
leaf primordia in order to relate the effects of the operation with the stages of de- 
velopment. 


Development of the Shoot Apex and Leaf Primordium 
of the Unoperated Seedling 


It is appropriate to mention here briefly some aspects of the development of the 
apical meristem and leaf primordium of the unoperated seedling, in order to check 
the effects of the operation with the stages of development. Detailed descriptions 
of the growth of the shoot apex and the leaf formation will be reported elsewhere. 

On the shoot apex of the mature embryo, two buttresses of the first leaves are 
situated on both shoulders of the epicotyl, and the rather concave shoot apex prop- 
er lies between them. Although the tunica stratification has not yet fully developed, 
two layers are discernible. In the second layer are found periclinal walls, which 
somewhat obscure the stratification. The corpus, which is about three cells in 
depth, is followed by a rib-meristem, the cells of which are filled with granular 
reserve materials (Fig. 1A). The distinction between the shoot apex proper and the 
foliar buttresses is rather difficult. Procambia, differentiated in the hypocotyl axis 
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Fig. 1A-E. Shoot apex and the first leaf primordium. A, shoot apex of a full- 
grown embryo, with two foliar buttresses. B, shoot apex of a one-day seedling. C, 
D and E, the first leaf primordium two days, three days and four days after sowing 
respectively. A and B, x240; GC and D, x220; E, x80. 


during later stages of embryogeny, extend up to the fourth layer from the surface 
of the buttress. The apical meristem is, so to speak, in a juvenile state at this de- 
velopmental stage. It develops into an adult shoot apex with a characteristic struc- 
ture after four to five days of growth. 

Within a period of one day after sowing, cell divisions occur in the foliar but- 
tresses as well as in the shoot apex proper (Fig. 1B). 


The activity of cell division 
is higher in the former than in the latter. 


The stratification of the apical mer- 
istem becomes rather less distinct than in the resting embryo on account of divi- 
sions in the sub-surface layer of the foliar buttresses. Granular reserve materials 
diminish from the cells of the rib-meristem, which then begin to vacuolate. In 
general, the cells of the apical meristem of the one-day seedling are somewhat 
larger and stain more evenly than those of the resting embryo (Fig: 1B). 

One day after sowing, the first leaf primordia are somewhat elevated by anti- 
clinal divisions in the surface layer and divisions in various directions in the corpus 


(Fig. 1B). Beneath the foliar buttress the procambium starts acropetal differentia- 
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tion and enters the meristematic region of the leaf base, reaching four to five cells 
beneath the tip of the primordium. 

Two days after sowing the primordium attains a height of about 75 microns 
(Fig. 1C). It grows, at this stage, by the apical growth, which results from the 
activity of a subapical initial. The upper half of the primordium keeps a meri- 
stematic appearance, and in the lower half there occurs no intercalary growth yet. 
The procambium reaches about 2/3 height of the primordium, that is, four to five 
cells beneath the tip. 

Three days after sowing, the primordium attains a height of 200 to 250 microns 
(Fig. 1D). At this stage the apical growth activity begins to decline and is fol- 
lowed by an intercalary growth. The vacuolation of cells proceeds acropetally from 
the basal portion. Only the procambium and the two strips of meristematic cells 
located along the both margins of the leaf axis stain deeply. 

Four days after sowing, the primordium is 600 to 700 microns high (Fig. 1E). 
The cells are elongated except those of the apical region. The cells of the adaxial 
side are less elongated and less vacuolated than those of the abaxial side. In the 
lower adaxial portion, there appears an adaxial meristem which increases the thick- 
ness of the leaf axis. By the activity of the marginal meristem, which has been 
organized by this stage, the extension of lamina is going on. 


Effects of Operations 


In the case of the pre-germination operation, as the author”»*) previously report- 
ed, the opposite leaves of the first pair were fused into a double-leaf when a re- 
generation of the apical meristem took place. However, in the post-germination 
operation which was made in the present study, the first opposite leaves were not 
transformed into a double leaf, but remained opposite as normal. When the inci- 
sion fell successfully in the median plane, two regenerated shoots were equal in 
size and the first opposite leaves on one shoot were symmetrical in shape to those 
on the other shoot in reference to the plane of incision (Fig. 2A, B). Since the first 
leaves remained opposite, the subsequent leaves were not disarranged, maintaining 
the decussate phyllotaxis (Fig. 3A,B). This applies to all the cases irrespective of 
the time of the operation. Thus it is evident that the regeneration ability of the 
apical meristem of the dormant embryo is kept also in the growing shoot at any 
developmental stage. 

On the contrary, the morphology of the first leaves which developed after the 
operation offered interesting changes relating to the time of the operation. When 
the operation was made one day after sowing, the first leaf primordia grew normally, 
developing nearly symmetrical laminas (Fig. 2C; Fig. 4A-C). Only in the basal 
portion of the leaf blade, the recovery of the lamina was slightly incomplete, a 
small basal area on the cut side being defective. When the operation was made 
two or three days after sowing, the deficient area of the lamina on the cut side 
more extends acropetally, and the symmetrical lamina was developed in the distal 
half (Fig. 4D-F). When the operation was made on the shoot apex of the four-day 
seedling, the leaf shape was utterly odd, the half of the lamina on the cut side 
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Fig. 2A-D. A and B, young twin plants, grown after splitting of the shoot apex 


of a one-day and a four-day seedling respectively. C and D, final shape of the first 
leaves of the plant A and B respectively. Co: cotyledon. ca. x2. 


being deficient (Figs. 2D; 4G-I). Thé results above mentioned indicate that the 
potency of laminal development is fully retained in the apical region of the leaf 
primordium, whereas in the basal part the potency has already been restricted or 
lost early during the leaf development. The decrease of the potency accompanying 
the growth of the leaf primordium is suggested also by the incompletely organized 
vascular system of the midrib. On the cut side, the branch bundle from the median 
bundle was occasionally not differentiated or, if present, it was thinner than that on 
the other side. The branch occurred in some case at a higher level than in normal 
(in the latter it occurs at the leaf insertion). Fig. 3 shows that, when the primordia 
were split one day after sowing, vascular bundles of the midrib were almost normally 
differentiated, except for that in one of the leaves one of the branch bundles was 
absent (B, upper side), and in another one the branching of the bundle on the cut 
side took place at a higher level than on the other side (A, lower side). As the 
time of the operation is delayed the differentiation of the branch bundle is more 
inhibited. However, it seems to be noteworthy that the vascular bundle is differ- 
entiated deep in the center of the midrib, although the procambium must have 
been laid bare on the cut surface when the leaf primordium was split by the 
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A B 
Fig. 3. Transections through the Fig. 4. Transections at right angles to the 
apices of the regenerated shoots from midrib of the mature first leaves, which developed 
halves of the apical meristem, operat- after the operation. Sections are taken from three 
ed one day after sowing. A, the one points: petiole, lower portion and the broadest 
shoot of the twin plant. B. the other portion of the blade. Groups A-C, D-F, and G-I, 
one. I: the first leaf. x28. are the sections of these three points of the leaves 


on the shoots operated one day, three days and 
four days after sowing respectively. x14. 


operation. This fact leads to a conclusion that, when the procambium is exposed 
by incision, it can no longer develop into the vascular tissue, or be transformed 
into the marginal meristem, but it differentiates into the cortical parenchyma or 
epidermis. 


Discussion 


A number of investigations have been made by various authors on the problems 
of apical growth in vascular plants with the method of longitudinal incision of the 
shoot apex. These investigations have revealed a conspicuous developmental potency 
and a self-determining nature of the shoot apex, and presented experimental expla- 
nations of the determination of leaves®)*). However, in these experiments the 
double-leaf formation in plants with decussate phyllotaxis, as it was the case in the 
pre-germination embryo of Sesamum”), has not yet been recorded. Soma’) has re- 
ported that no double-leaf was induced by the orthogonal or diagonal split of the 
shoot apex in Euphorbia lathyris, a plant with decussate leaves. In Sesamum also, as 
stated above, the operation of the shoot apex more than one day old induced no 
double-leaf, but it resulted in the formation of the normally situated first opposite 
leaves instead. Unions between the successive leaves by means of operation were 
observed in some case; for instance, Snow and Snow*) for Lupinus, and Snow and 
Snow” for Epilobium found the fusion occurred between iP. ela Jet, @ie Il, ehiavel’ il. 

These facts suggest that the formation of the double-leaf is a distinctive re- 
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sponse of the shoot apex of the resting embryo of Sesamum to the longitudinal 
incision, and is caused by certain characteristic features of such an apex. The 
author, in a previous paper”, has assumed a process of the fusion of leaf primordia 
in the embryo of Sesamum; such a process must depend on the narrowness or “the 
shoot apex, where opposite leaf primordia are situated close to each other. The 
formation of the double-leaf, i.e., the fusion of two leaf primordia, by the incision, 
is restricted to the buttress stage of leaf development. Thus, another cause probably 
lies in that in the shoot apex of the pre-germination embryo the delimitation 
between the shoot apex proper and the foliar buttresses is not clear. This can be 
interpreted as an expression of the intrinsic unity of the leaf and the stem. A 
comparable case was observed in Bryophvllum by Gavaudan*) ; whether the first pair 
of leaves of the buds treated with 2, 4-D or 1, 3,5-TIBA gives rise toa gamophyll by 
their fusion, or to a pair of normal leaves, depends upon the stage of development 
attained by the bud at the time of treatment. 

Then, what are the factors that prevent the fusion of leaf primordia following 
the operation of the one-day seedling ? At least two conditions may be pointed out : 
(1) the increasing distinction between the shoot apex and the leaf primordium and 
(2) the differentiation of the procambium inthe leaf primordium. These two points 
are the expressions of the advance of the leaf development. Because of these con- 
ditions the process of the fusion of leaf primordia, such as was assumed in the 
previous paper”), may be obstructed. 

The defective leaf blade resulting from incision is found to be closely related 
to the developmental stage of the leaf primordium at the time of operation. The 
more advances the differentiation of the primordium under the operation, the less 
the cut half of the blade is recovered. According to Esau (1953, p. 443), the de- 
velopment of the leaf may be divided into three stages: (1) formation of the foliar 
buttress, (2) formation of the leaf axis, and (3) formation of the lamina. For the 
first leaves of Sesamum, these stages may correspond respectively to those of the 
primordia of the one-day, two to three-day, and four-day seedlings. At the first 
stage, the cells of the foliar buttress are fully meristematic and the half of the 
buttress is capable of producing a complete leaf. When the erection of the leaf 
axis begins at the second stage and the meristematic cells are confined to the apical 
region of the primordium, a defective area appears in the lower portion of the 
blade. The deficient part suggests that the marginal meristem was not reorganized 
on that portion. If the primordium is split prior to the cessation of apical growth, 
the marginal meristem may be organized on the wounded side in the course of 
apical growth. After the apical growth has come to an end, and it has been fol- 
lowed by the intercalary growth and laminal extension, the split primordium fails 
to reorganize the marginal meristem. 


Summary 


Effects of the longitudinal split of the shoot apices of the germinating embryo 
and the seedling in Sesamum indicum L. upon the development of the first leaf were 
studied. The incisions were made in the plane running through the first leaf 
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primordia. When the operation was made one day after sowing, the first leaves 
were almost normal both in shape and position, double-leaf being not formed. Fol- 
lowing the operation made two to four days after sowing, the first leaf developed 
into an odd shape defective of lamina on the cut side. Comparing the leaf blade 
deficiency caused by the operation with the stages of development of the leaf pri- 
mordia at the time of operation, the following are evident: when the leaf pri- 
mordium of the buttress stage is split into two halves, both of them are capable 
of developing complete leaves; the leaf primordium under apical growth is still 
partially capable of developing leaf blade when it is split; but after the apical 
growth is over and the laminal development has begun, the half of the split leaf 
primordium is no longer potent of blade formation on the cut side. The decrease 
of the potency accompanying the growth of the leaf primordium is suggested also 
by the incompletely organized vascular system of the midrib. When the time of 
operation was delayed the differentiation of the branch bundle on the cut side from 
the median bundle was omitted. After the operation the vascular bundle was 
differentiated deep in the center of the midrib, although the procambium must 
have been laid bare on the cut surface when the leaf primordium was split by the 
operation. 
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The fact that the acylation of anthocyanin takes place in the presence of domi- 
nant allele was first demonstrated by Scott-Moncrieff!) in several genotypes of Papaver 
yhoeas on the basis of pigment analysis according to the Robinsons. Harborne®):”) 
found in his experiments on potato plants that at least four biochemical characters, 
i.e. acylation, hydroxylation, methylation and glycosidation of anthocyanins are likely 
controlled by a single pair of genes. On the other hand, the present authors have 
described in their preliminary reports”) that in eggplant the acylation as well as 
glycosidation seems to be controlled by a single pair of genes. The present paper 
deals with this subject in detail. 


Experimental 


1) Plant materials: Two horticultural varieties of eggplant (Solanum melongena 
L.), Burma and Black Beauty, their F, hybrids and F, plants were used for the pres- 
ent study. Besides, anthocyanins of the related horticultural varieties, Sendai-naga 
No. 1, Shin-kuro Heta-murasaki and Emerald, were also examined. All of the 
materials have been maintained by successive self-pollination during recent five 
years. 

2) Pigment analysis: Paper-chromatographic analyses were carried out, chiefly 
after Bate-Smith®.., Abe and Hayashi®, according to the ascending method using 
the following solvent mixtures on Toyo No. 50 filter paper: 
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ISTO aa Ne Neal (Aleit yi) Neve Mialoadle eae iso-AmOH/362¢ HCI/H,O (21:5:4, ,, ), 
BULPAT Nein acter tee On, ACO PEC Cas tay or 
Ball (5) ULE selene. as. Se BUOH/ S627 MCI ONG 5, 
Orit Ay ipa atigennedrwua din wise Cresel/ ACOH sO ous a en &., 
Phen iS... Sie. s+ Sekeoeee eee Phenol /H,O%0°8 Su werent 
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For the identification of individual pigments, the authentic specimens of corre- 
sponding anthocyanins were always run in parallel, which were kindly supplied by 
Prot..K. Hayeshi. 

3) Examination of anthocyanins: Full-colored fruit-coats, petals, and epidermal 
and cortical parts of the stem were analyzed with six plant varieties mentioned 
above. Each colored portion (3~5¢.) was throughly extracted with 1% metha- 
nolic hydrochloric acid (2ml. per g. of fresh material). The filtered extract was 
added with an equal volume of 20%, hydrochloric acid and heated at 95° for 40 
minutes. After dilution with water, the anthocyanidin produced was extracted with 
minimum volume of amyl alcohol and transfered into dilute hydrochloric acid by 
the addition of petroleum ether and subjected to the paper-chromatographic tests 
using three solvent mixtures, AA. H (5, 1, 5), Pro. H and iso A.H. In any of the 
varieties examined, delphinidin was detected together with a trace of cyanidin. In 
these solvent mixtures, Rf values were 0.22, 0.25 and 0.28 for delphinidin and 0.34, 
0.34 and 0.63 for cyanidin, respectively. In order to clarify the glycoside nature, 
crude extracts were directly chromatographed using the solvent mixtures, isoA.H 
(21, 5, 4), AA. H (3, 1, 8), Bu. A, Bu. H and Cr. A, respectively. 

In genetic experiments, pigment compositions of the parental varieties, Burma 
and Black Beauty, F, hybrids and F, plants were analyzed in a similar manner. 
Besides, fruit-coat-extracts of the parent and F, plants were examined by two-way 
paper-chromatography, using AA.H (3, 1, 8) in one direction and Bu. H in another. 

4) Main anthocyanins of Burma and Black Beauty: Cold 124 methanolic hydro- 
chloric acid extracts of the fruit-coats of Burma and Black Beauty were prepared 
and subjected to a large scale paper-chromatography using the solvent, Bu. H. The 
anthocyanin band was separated by cutting and eluted with 1% methanolic hydro- 
chloric acid in a manner similar to the descending method. The eluate was then 
concentrated im vacuo over sodium hydroxide. The anthocyanin was purified further 
by repeated precipitation from its acidified ethanolic solution by the addition of 
ether and analyzed paper-chromatographically. On the other hand, the anthocyanin, 
which was obtainable as picrate in hair fine needles (m. p. 179~180°) from the fruit- 
coats of Burma, was also subjected to the paper-chromatographic and spectrophoto- 
metric examinations. The purified fractions obtained were hydrolyzed by boiling 
in 20% hydrochloric acid for 3 minutes, and the sugar-free pigments were examined 
by paper-chromatography. Rf values of aglycones derived from Burma- and Black 
Beauty-glycoside were quite identical with each other and also with the authentic 
delphinidin. 

The measurement of absorption maxima was made on purified preparation of the 
glycosides and of the aglycones derived therefrom by the usual way. The results 
are shown in Table 1, from which it can be seen that the aglycones from both plant 
sources are identical with delphinidin and that the Black Beauty glycoside agrees 
with delphinidin 3-glucorhamnoside newly isolated from a variety of Tulipa gesne- 
riana by Shibata’. 

As regards paper-chromatographic behavior in several solvent mixtures, it is 


indicated that Burma-glycoside agrees with nasunin, and Black Beauty glycoside 
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Table i. Absorption maxima of Burma- and Black Beauty-anthocyanin. 


Pigment in 0.1¢¢ ethanolic hydrochloric acid Absorption maxima (my) 


Burma-glycoside 550 310 281 225 
Black Beauty-glycoside e552 «BB SCO 222 
Delphinidin 3-glucorhamneside | ay 355 279 29 
Burma-aglycone 556 357 280 225 
Black Beauty-aglycone 555 357 280 225 
Delphinidin i Seay? Se5gh ore 222 
a with delphinidin 3-glucorhamnoside, respec- 
i Istiee tively, as shown in Fig. 1. 
Cheats AOE res ta ee The presence or absence of acyl group in 
| | | these anthocyanins was shown by the following 
| | | way. Each glycoside was treated with 10% 
| _, aqueous sodium hydroxide for 40 minutes at 


| | |\ tt | room temperature in an atomosphere of hydro- 
os. Pare ie | \ After slight acidification, the solution 
hota \ was paper-chromatographed in a large scale 
using the solvent, AA. H (3,1, 8). The pigment 
band formed was cut off and eluted as usual, 
and re-chromatographed with the solvent, Bu. 
H, and treated as above. With these pigment 
concentrates, paper-chromatographic comparison 
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| “Bre \ 
| | | BRAG 
| | | | 
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Fig. 1. Rf values of Black Beauty- 
and Burma-anthocyanin before and 
after saponification (T6y6 No. 50 
Filter Paper at 25+2°). B: Burma- 
anthocyanin, Bb: Black Beauty-an- 
thocyanin before and after saponifi- 
cation, BS: Burma-anthocyanin after 
saponification, C delphinidin 3- 
monoglucoside, &: delphinidin  3- 
glucorhamnoside, @: delphinidin 3, 
5-diglucoside, xX: nasunin (p-hydro- 
xycinnamoyl delphinidin 3-digluco- 
side). 


In the case of 
Black Beauty-glycoside, no difference was ob- 
served in Rf values before and after. saponifica- 
tion. However, the Rf values of saponified 
Burma-glycoside was higher than that of del- 
phinidin 3, 5-dimonoglucoside in two solvent 
mixtures, Bu. H and AA.H (3,1, 8), respectively, 
but was nearly equal in other solvent systems. 
This relationship may be comparable to that 
found between delphinidin 3-monoglucoside and 


was made under precaution. 


delphinidin 3-glucorhamnoside. 

An acidified solution obtained after saponification was thoroughly extracted with 
ethyl ether and the etheral solution was evaporated. A colorless crystalline residue 
was obtained in the case of Burma-anthocyanin.- This substance was identified as 
p-hydroxycinnamic acid by means of paper-chromatography™ and color reaction, as 
shown in Table 2. 

Further information about the nature of these glycosides could be obtained by 
partial hydrolysis». A solution of the glycoside in 10% hydrochloric acid was heated 
at 70°. During the course of hydrolysis, small, definite amount of solution was 
pipetted out at definite intervals and paper-chromatographed using the solvents, 
Bu. A, Bu. H and AA.H (3,1,8). The results have shown that hydrolysis of each 
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Table 2. Rf values of acidic components in Burma-anthocyanin. One-dimensional 
ascending chromatography at 25+2°; graysh blue color develops 
with Bray’s diazotyzed f-nitroaniline?”). 
Sotvent mixture for irrigation b-Hydroxycinnamic Organic acid from 
PCa s acid Burma-anthocyanin 
Benzene/AcOH/H,0 (2:2:1, v/v) 0. 50 0. 50 
m-Cresol/AcOH/H,O (50:2: 48, ,, ) 0. 82 0. 82 
n-BuOH satd. with 5 N NH,OH ag. 0.16 0.16 
n-BuOH/AcOH/H,O (4:1:5, v/v) At solvent front At solvent front 
glycoside proceeds according to the following scheme : 
Black Beauty-anthocyanin: 
Del* 3-glucorhamnoside—Del 3-glucoside—>Del. 
Burma-anthocyanin : 
; } Jovel 3-glucoside—Del. 
Burma-anthocyanin—Del pia UeOS Ge} ta nee 
Del 5-glucoside—Del. 
Burma-anthocyanin after saponification : 
—) Del 3-glucoside—Del. 
Del diglucoside+rhamnose—Del diglucoside— 
De! 5-glucoside—Del. 
*Del: delphinidin. 
The chromatograms obtained in the case a 
of saponified Burma-anthocyanin are _ illus- Weaea AR.H(S.1,8) 
trated in Fig. 2. | 
° 3 | sd oe® @ 
Results and Discussion 
0.5 = 
Paper-chromatographic examinations of | o64 arn 0 
2 ae Pad i 
the crude extracts have shown that five ; 
Toa ' > @! ag® \9O@ @ 
varieties belonging to a group of small- eee @ 
fruited eggplant, e.g., Burma, Sendai-naga eer" 
0.0 


No. 1, Heta-murasaki, Shin-kuro and Emerald, 
contain an acylated delphinidin diglycoside 
as the main pigment component. The Rf 
values of this pigment agree with those of 
nasunin (p-hydroxycinnamoyl delphinidin 3- 
diglucoside) which was previously isolated 
from certain variety of eggplant by Kuroda 
et al.) On the other hand, Black Beauty 
belonging to a group of large-fruited egg- 
plant contains non-acylated glycoside. In all 


m 
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"TIME 
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Fig. 2. Paper-chromatograms of the 
products of partial hydrolysis, which 
were derived from saponified Burma- 
anthocyanin. BS: saponified Burma- 
anthocyanin, DEL: delphinidin, DEL-Gl 
(3): delphinidin 3-monoglucoside, DEL- 
2G1 (3, 5): delphinidin 3, 5-diglucoside, 
*: delphinidin 5-monoglucoside. 


of these varieties, other types of anthocyanins also present in minute amount. 
Within a single variety, however, the anthocyanin composition of stem and flower 


is identical with that of the fruit-coat in general. 
From the results of the examination of main anthocyanins in fruit-coats of 
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Burma and Black Beauty, it follows that the Black Beauty-anthocyanin is nothing 
but delphinidin 3-glucorhamnoside, and the Burma-anthocyanin is different from 
nasunin. It might be concluded that Burma-pigment is p-hydroxycinnamoyl deriva- 
tive of delphinidin 3, 5-diglucoside, which is further combined with rhamnose (prob- 
ably one molecule). 

Next, the anthocyanin components of parent plants, F, hybrids (stem, flower and 
fruit-coat) and F, progenies (stem and fruit-coat) obtained from the cross between 
Burma and Black Beauty (using the latter as pollen parent) were examined in de- 
tail. The color* of the fruit-coats of Burma, F, and F, plants containing Burma- 
anthocyanin is deep purple to deep reddish purple, and that of Black beauty and 
F, plants having Black Beauty-anthocyanin is dark brownish purple. The antho- 
cyanin composition of F, hybrids was found 
to be identical with that of Burma, al- 
though some other anthocyanins were also 
present in. minute amount. Accordingly, 
the Burma-type of anthocyanin proved to 
be completely dominant over the Black 
Beauty-type, as Shown in Fig. 3. {In F, 
plants, 76 individuals had anthocyanin 
composition of the Burma-type and 22 
Showed that of the Black Beauty-type. 
Intermediate type could not be found. In 


BB- B- B- Black Burma BB- B- B- Black Burma 
type type type Beauty type type type Beauty 
eee iP al 


. = consequence, simple Mendelian segregation 
2 1 F, F, i} 


. . ratio (x?=0.4301, P=0.7~0.5) was obtai 
Fig. 3. Paper-chromatograms showing : ‘ Lt ee was obtained. 


the anthocyanin composition of fruit-coats The tests of saponification and partial 
in F, and F, plants obtained from the hydrolysis have also confirmed that the 
cross, Burma (B) xX Black Beauty (BB). 
Left being developed by AA. H (38, 1, 8); 
right by Bu. H, respectively. 


main pigment in fruit-coats not only of F, 
plants but also of F, plants of Burma-type 
was Burma-anthocyanin itself. 


Table. 3. Rf values of sugar components in Burma- and Black Beauty- 
anthocyanin. Chromatogram was obtained by one-dimensional 
ascending method at room temperature, and spot was 
developed with aniline hydrochloride reagent!®). 


Sugar Bu Phen 

Sugar from Burma-anthocyanin A 0. 41 : 0. 68 
B 0. 21 0. 38 

Sugar from Black Beauty-anthocyanin A 0. 40 0. 67 
oF B 0.19 0. 38 

Xylose O32 eZ 
Rhamnose 0. 42 0. 68 
Galactose 0. 22 0. 44 
Glucose Ones 0. 39 


Vhe color was determined according to “Guide to Color Standard” (Tokyo, 1951). 
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From these observations, it follows that the acylation and glycosidation, by 
which Burma- and Black Beauty-anthocyanins may be distinguished from each other, 
are controlled by a single pair of genes. It should be noted that the anthocyanin 
composition of the stem is identical with that of fruit-coats in F,, F, and parent 
plants, respectively. 


The authors’ thanks are due to Prof. Dr. K. Hayashi (Botanical Institute, Faculty 
of Science, Tokyo University of Education) for his valuable suggestion and kind 
supply of several anthocyanin specimens. 


Summary 


Paper-chromatographic analysis of anthocyanin occurring in flower, stem and 
fruit-coat of eggplant showed that Burma, Sendai-naga No. 1, Shin-kuro, Heta- 
murasaki and Emerald contain an acylated anthocyanin, whose Rf values agreed 
with nasunin, whereas Black Beauty contains delphinidin 3-glucorhamnoside as major 
component. Within a single variety, the main anthocyanin proved to be the same 
one in stem, flower and fruit-coat. 

The complex anthocyanin of Burma-type was shown to be p-hydroxycinnamoyl 
derivative of delphinidin 3, 5-diglucoside combined with rhamnose. 

In the crossing experiment, it was observed that the F, hybrid between Burma 
and Black Beauty produced an acylated anthocyanin of Burma-type and in F, gene- 
ration Burma- and Black beauty-type segregated in accordance with the simple 
Mendelian ratio of 3:1. Accordingly, two biochemical characters, i.e. the acylation 
and glycosidation in anthocyanin molecule are shown to be controlled by a single 


pair of genes. 
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The Occurrence of Gibberellins in Mature Dry Seeds 
by Yutaka MURAKAMI* 
ME et: BAMPICHU ZOLA) LORE 
Received July 1, 1959 


Four gibberellins, A,, A,, A;, and A,, which are produced by a rice disease 
fungus, Gibberella fujikuroi, increase the height of a wide variety of plant species. 
Recently, it has been shown that substances with a biological activity similar to 
that of gibberellin A occur also in the extracts from immature seeds of various 
kinds of higher plants”»»»»»“), One of these has been identified as gibberellin A,”. 
With regard to the mature dry seed Radley”) has reported the occurrence of such 
substances in wheat, French bean, and pea. No other direct evidence for the pre- 
sence of gibberellins in mature dry seeds has been presented until now. ‘The pre- 
sent paper describes the results of experiments designed to investigate whether 
gibberellins occur generally in mature dry seeds. 


Materials and Methods 


The seeds, which were examined for the presence of gibberellins, are given in 
' Table 1. 

Extraction: For extraction 50-100gm. of dry seeds, which were previously 
ground in a mill, were covered with 500ml. of petroleum ether and allowed to stand 
overnight at room temperature. The solvent was filtered off and the solid material 
was extracted at room temperature with two changes of 70% acetone for a total 
period of 48 hours. The combined acetone extracts were evaporated under reduced 
pressure. The resulting aqueous residue was acidified to pH 2.0 with phosphoric 
acid and extracted three times with 100ml. portions of ethyl acetate. The ethyl 
acetate solution was then extracted three times with 100ml. portions of 1M _ phos- 
phate buffer of pH 7.0. This phosphate buffer solution was acidified to pH 2.0 with 
phosphoric acid and extracted again three times with ethyl acetate. The ethyl 
acetate extract was dried by anhydrous sodium sulfate overnight and the solvent 
was distilled off under reduced pressure. The resulting residue was taken up ina 
small volume of acetone for paper chromatographic studies. Both weight and num- 
ber of seeds, to which the amount of each extract applied to paper sheets was 
equivalent, are given in brackets with the name of species in the legend of Fig. 2. 

The methods of paper chromatography and bioassay are essentially similar to 
those used in the previous paper’). 


Paper chromatography: Ascending chromatography on Toy6 No. 50 filter paper 


* National Institute of Agricultural Sciences, Nishigahara, Kita-Ku, Tokyo, Japan. #8444 
Bee A OPI NT 
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Table 1. Species surveyed. 


Family Species 

Compositae Helianthus annuus (sunflower) 

Lactuca sativa (head lettuce) 
Cucurbitaceae | Cucumis sativus (cucumber) 

Citrullus vulgaris (water melon) 

Luffa cylindrica (towel gourd) 
Solanaceae Lycopersicon esculentum (tomato) 
Convolvulaceae Cuscuta japonica (dodder) 

Pharbitis Nil (morning-glory) 

Quamoclit pennata (cypress vine) 

Ipomoea Batatas (sweet potato) 

Calonyction aculeatum (common moonflower) 
Sapindaceae Cardiospermum Halicacabum (balloon vine) 
Rutaceae Citrus Natsudaidai (natsudaidai) 
Tropaeolaceae Tropaeolum majus (garden nasturitium) 
Leguminosae Lupinus luteus (yellow lupine) 

Vicia Faba (broad bean) 
Rosaceae Malus pumila (apple) 
Cruciferae Raphanus sativus (Japanese radish) 


was carried out with the solvent mixture of iso- 
propanol/water/ammonia (10:1:1) at about 25° until 
the solvent front was 28cm. from the starting-line. 
The paper sheet was dried and then cut transversely 
into 14 equal strips. Each strip was again cut into 
small segments and placed in beakers 3cm. in dia- 
meter and 7cm. in height for determining its bio- 
logical activity. 

Bioassay: The activity was measured by the 
rice seedling method. The technique has been 
described in detail in the previous paper”. Briefly, 
five rice seedlings (var. Aichi-Asahi), whose coleop- 
tiles attained about 1mm., were planted in each 
beaker and allowed to grow under the ordinary 
daylight conditions at 25-28°. They were supplied 
with 0.5ml. water every day. The length of the 
second leaf sheath was measured after 7 days. A 


Length of the second feaf sheath (cm.) 


Gibberellin A, (mg./l.) 


Fig. 1. Response of the 
second leaf sheath of rice 
seedling to gibberellin A;. 


result typical of the rice seedling method is given in Fig. 1. The lower limit of 


sensitivity was at 0.05 mg./]. gibberellin A,. 


Results and Discussion 


The results of experiments, which are carried out to show the distribution of 
gibberellins in various mature dry seeds, are summarized in Fig. 2 as histograms 
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Fig. 2. Histograms showing gibberellin activity of extracts from mature dry seeds 
after paper chromatographic development with ammoniacal 7so-propanol. Broken lines de- 
note water controls. Arrows at the top of the histograms indicate the position of gib- 
berellin A. 


A, Helianthus annuus (34 g./700 husked seeds); B, Lactuca sativa (30 g./36,000 seeds) ; C, 
Cucumis sativus (70 g./3,600 seeds); D, Citrullus vulgaris (45 g./1,100 seeds); E, Luffa cylind- 
rica (110 g./1,150 seeds); F, Lycopersicon esculentum (55 g./18,000 seeds) ; G, Cuscuta japonica 
(7.5 g./1,200 seeds) ; H, Pharbitis Nil (3.5 g./60 seeds) ; I, Quamoclit pennata (5.5 g./350 seeds) ; 
J, Ipomoea Batatas (3 g./160 seeds); K, Calonyction aculeatum (12.5 g./70 seeds); L, Cardio- 
spermum Halicacabum (60 g./730 seeds) ; M, Citrus Natsudaidai (45 g./370 seeds) ; N, Tropaeo- 
lum majus (28 g./300 seeds); O, Lupinus luteus (10 g./110 seeds); P, Vicia Faba (30 g./15 
seeds); Q, Malus pumila (57 g./1,140 seeds); R, Raphanus sativus (100 g./6,500 seeds). 


of the length of rice leaf sheath. The horizontal broken lines in the figure repres- 
ent the growth of controls so that leaf sheath elongations greater than this repres- 
ent growth promotion and those below represent inhibition. 
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On every chromatogram of the extracts, except for that of Lycopersicon esculen- 
tum (Fig. 2-F), Citrus Natsudaidai (Fig. 2-M) and Raphanus sativus (Fig. 2-R), the 
growth-promoting activity was detected. Although the active substances were 
caused variations in both the Rf value and the tailing on the chromatograms be- 
cause of the presence of large quantities of impurity, the growth-promoting zone 
lay near the expected position of gibberellin A. As described in previous papers?):®), 
the rice seedling method is specific to gibberellins, and indole compounds are in- 
active in this bioassay. Therefore, the growth promotion in this zone is considered 
to be due to the presence of gibberellins. 

On the chromatograms of Cardiospermum Halicacabum (Fig. 2-L) and Vicia Faba 
(Fig. 2-P), another weak growth-promoting activity was shown near the starting 
line. A similar active zone was also found with some extracts of immature seeds of 
leguminous plants’). 

No promoting activity could be detected on the chromatograms of the extracts 
of Lycopersicon esculentum, Citrus Natsudaidai and Raphanus sativus. This does not 
necessarily imply the absence 


of gibberellins in these seeds, Table 2. Gibberellin concentrations found 
in mature dry Ss 
but may be due to very low ie Cc ee 
f ‘ ; Approx. conc. — 
concentrations of such sub Suances | Mae eibbersluce a 
stances on the chromatograms. a ee: equivalents/100 g.) 
The approximate concen- Helianthus annuus* | 0.5 


trations of gibberellins present Lactuca sativa 0. 25 
in various seeds, which were Cucumis sativus | 0. 85 
determined by comparison with taille MULE | Oe 
a known quantity of gibberellin daahfa@jindr ica | oe 
A, are listed in Table 2. These Lycopersicon esculentum | ? 

' 5 Cuscuta japonica | 47 
values may be lower estimates Pharbitis Nil an 
than the amount of promoters Cea OGuE bonnate | 99 
actually present in the extracts, loner ales | 90 
since the contaminating inhibi- Calonyction aculeatum | 10 
tors in the samples had a strong Cardiospermum Halicacabum | ie 
effect on the growth of the test Citrus Natsudaidai ? 
plant. Tropaecolum majus 7 

It should be noted that Lupinus luteus 11 
there were remarkably higher Vicia Faba 2 
concentrations of gibberellins Malus pumila ~ 


in the seeds of climbing plants. 
The seeds of members of the 
Convolvulaceae, such as Cuscuta 
japonica, Pharbitis Nil, Quamoclit 


Raphanus sativus 


* Husked seeds were used in the case of Helianthus 


annuus. 


pennata, Ipomoea Batatas and Calonyction aculeatum, contained the substance with 
activity equivalent to 10-100ug. gibberellin A per 100g., and that of Tropaeolum 
majus and Cardiospermum Halicacabum gave values equivalent to 1-10ug. gibberellin 
A per 100g. dry seeds. Gibberellins in members of the Cucurbitaceae were a con- 
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centration of the order equivalent to 0.5-lug. gibberellin A in 100g. seeds. Lupinus 
luteus and Vicia Faba have no climbing habit under ordinary conditions. However, 
they are members of the Leguminosae which includes a number of climbing plants. 
In fact, the seeds of above two species were comparable to that of a climbing 
plant, Tropacolum majus, in content of gibberellins. Radley?) has reported that 
there is no evidence of a difference between dwarf and tall varieties of pea in 
content of gibberellins. The results of present investigations, however, indicate 
that a much higher concentration of gibberellins occurred in seeds of the families 
including climbing plants. 


Summary 


The occurrence of gibberellins in the extracts of mature dry seeds from 18. 
different species of dicotyledonous plants was examined by means of paper chromato- 
graphy and rice seedling method. 

Gibberellins were evidently found in the seeds of sunflower, head lettuce, 
cucumber, water melon, towel gourd, dodder, morning-glory, cypress vine, sweet 
potato, common moonflower, balloon vine, garden nasturitium, yellower lupine, 
broad bean, and apple, but not in those of tomato, natsudaidai, and Japanese radish. 

The seeds of the Convolvulaceae contained considerably higher concentrations 
of gibberellins and their contents were equivalent to 0.1-luwg. gibberellin A per 
gram of dry seed. 


The writer wishes to thank Prof. T. Miwa and Dr. T. Hayashi for their guid- 
ance. 
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Responses of Pharbitis Nil Chois. to Gibberellin with 
Special Reference to Anatomical Features 


by Mitsuro OKUDA* 
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Received July 7, 1959 


Gibberellin induces stem elongation, which is more remarkable in dwarf strains 
than in tall ones generally. The induced stem elongation is said by some investi- 
gators)?)»»).4) to be attributable mainly to cell elongation in the internode of the 
plant. On the other hand, it is reported that the elongation is due to cell division 
in the internodal cells”»®. According to other authors not only the length of cells 
‘but also the number of cells is increased by the treatment”. 

In the present paper some observations on the seedlings of Pharbitis treated 
with gibberellin with special reference to the structure of stem will be reported. 


Materials and Methods 


The materials used were two strains of Japanese morning glory, Pharbitis Nil 
Chois. One was “ Kidachi”, a dwarf strain, and the other was “ Violet”, a tall one. 
The seeds were treated with conc. H,SO, for 45 minutes and washed in running 
water for 24 hours. They were sown in wooden boxes, and kept under continuous 
illumination supplemented with incandescent filament lamps at night. 0.0lcc. of an 
aqueous solution of gibberellin** was given two times, that is, after two and five 
days from the sowing of the seeds. One drop of the solution was applied to the 
growing point by the use of a micropipette. Control plants were given one drop 
of distilled water. The plants were harvested ten days after the last treatment 


and observations were made. 


Results 


a) Responses of various organs: Soon after the application of gibberellin solu- 
tion—after some six hours or so—the effect on elongation of hypocotyl, epicotyl and 
cotyledonary petiole is observable, and it is strengthened with the lapse of time. 
The cotyledon treated with gibberellin also expands remarkably and becomes pale 
in color. The response increases with increasing concentrations of the solution 


* Biological Institute, Yoshida College, Kyoto University, Kyoto, Japan. MK ABE 
*& Gibberellin used in these experiments was supplied by Japanese Gibberellin Research 


Association and mainly consists of gibberellin A3. 
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used. Among the organs the epicotyi reacts most sensitively. As shown in Fig. 1, 
two strains differ in their reactivity. Ten days after the last application of gib- 
berellin the contro! plants of the two strains differ in height strongly, whereas the 
treated plants do not, especially in the plants treated with high concentration of 
gibberellin. The epicotyl of dwarf strain 
treated with 1000 p.p.m. gibberellin solu- 
tion became nine times as long as that 
of the control plants, but in tall strain, 
it attained only to 2.4 times. 

b) Rate of differentiation of leaf 
primordia: Further question arises 
whether the differentiation rate of leaf 
° primordia at the terminal bud is accele- 


rated by the application of gibberellin. 

% ee To decide this point, two-day-old seed- 
vi lings were given 100p.p.m. gibberellin 

solution, and 0, 2, 4 and 8 days after the 
3 4 treatment, the leaves initiated on the 
a “G x kh terminal bud were counted under a bino- 


Relative length 


Treated 


) i) Loa 1G90. 
Concentration (p.p.m.) 

Fig. 1. Relative length of Pharbitis 
seedling treated with gibberellin as com- 
pared with the control. Sown on 12 July, 
treated on 14 and 16 July, and measured 
on 21 July. Length of the control plant 
Oty oKidachiy by pocotyls 46ulimim.. epr- 
cotyl: 19.8mm., and cotyledonary petiole: 
4).5mm. Length of the control plant of 


NN 


Control 


Number of nodes 


April May 


e Nicole hy pocony lilies mms epicouylls ete 
102.0 mm., and cotyledonary petiole: 50.8 
mm. Kh, Ke, and Kp are hypocotyl, epi- 
cotyl, and cotyledonary petiole of “ Kida- 
chi” respectively. Vh, Ve, amd Vp are 
the same of “ Violet”. 


Rig. 2. Velocity of the differentiation 
of leaf primordia of Pharbitis seedling 
treated with gibberellin as compared with 
those’ of the control plants. Sown on 22 
April and treated on 24 April. 


cular microscope. 

At the beginning of the treatment three leaf primordia were observed in all 
individuals. After two days the treated and the control plants initiated five and 
four leaf primordia respectively. The difference between the number of leaf pri- 
mordia initiated on the treated and on the control plants increased with time. 
After eight days the treated plants initiated 10.6 and the control plants 7.5 leaf 
primordia respectively. The results are shown in Pig. 2. 
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c) Anatomical observations: Hypocotyl, the first, the second, and the third 
internodes were observed anatomically. Ten days after the last treatment, both of 
the treated and the control plants were fixed in 70 per cent alcohol and hand- 
sectioned for the microscopic observation. The longitudinal, radial, and tangential 
dimensions of 30 cells from the cortical and pith parenchyma were measured with 
an ocular micrometer in treated and control plants of both strains. 

The data secured are summarized in Table la. As the third internode was yet 
on the way of growing, the measurements were excluded from the table. In “Ki- 
dachi”, the mean length of the shoot above the cotyledonary node was increased 
by 8 times by the application of gibberellin solution, and that of the hypocotyl was 
1.3 times as compared with the control. The cell lengths of all organs of the 


Table la. Length and dimension of cells from hypocotyl, the first and the 
second internode of Pharbitis seedlings treated with 1000 p.p.m. 
gibberellin as compared with those of the control. 


Strain Kidachi Violet 
Treated as Treated as 
Treated © Control % of Treated Control % of 
control control 
Total length of epicotyl 298 26 887 107 i 4 448 
in mm. 
Leugre x Vigmeter of 74x3.0 | 56x2.4 | 133%125.0  120x2.6 | 109%2.3 | 111% 113.1 
hypocotyl in mm. | 
LengthxDiameter of the = gn 1.5) 142.3 586x 65.3. 80X1.6 33x2.2 246x 72.7 
Ist internode in mm. 
Length Diameter of the 67x1.3| 72.0 | 957%: 65.0 | 62x1.5| 92.1 | 689x 71.4 
2nd internode in mm. 
4 longitudinal 269 131 205 370 279 133 
_ = radial 49 52 95 50 41 122 
= © tangential 41 53 78 51 45 113 
a longitudinal 261 148 176 278 218 128 
mo m4 i 
= = radial 73 74 99 83 66 126 
~ | tangential 75 73 104 70 67 104 
A | longitudinal 163 136 119 153 149 103 
~ |2%)2) radial 18 50 36 15 3 50 
i) ony ° 92 "6 S @ 
z e 2 tangential 26 43 61 22 a2 69 ; 
oO = — = - = = = 
8 £ longitudinal 146 90 162 103 92 112 
3 }2\3 | radial 57 88 as 55 84 65 
— end 7 cr 7 
Siac ~ tangential 54 69 78 51 73 70 
| fa longitudinal 105 108 97 85 70 112 
3 |<) radial 15 43 a i 25 72 
|&) 3 tangential 22 37 59 20 29 91 
| o b ie 4 = ‘5 s ae © \ Sha — 
| 4 | longitudinal 96 74 130 83 72 115 
e | = -_ radial pee 69 'fiehabdd lectin? 4 | 78 
tangential 3 63 62 36 45 80 
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treated plants were longer than those of the control plants with the exception of 
cortex cell of the second internode. Radial and tangential diameters of the cells 
were decreased in almost all parts by the treatment. In “Violet”, the same was 
the tendency, but the elongation of the stem and the cell was not so conspicuous 
as in “Kidachi”. Radial and tangential diameters of the cells were decreased in 
all parts with the exception of hypocotyl, the cells of which had larger diameters. 

The number of cells calculated from the mean length of organs and their cells 
is shown in Table 1b. The cells of the internodes increased in number enormously, 
especially in “Kidachi”. The increase was more conspicuous in cortex than in 
pith, and also in the second internode than in the first. In the second internode of 
“Kidachi” the increase in the number of cells was found to be 9.85 times as large 
as that of the control plants in cortex and 7.38 times in pith, and in “ Violet” 6.16 
and 5.98 times were found respectively. The facts indicate that the internodal cell 
of the treated plant had repeated in the average 3 further cell divisions as com- 
pared with that of the control plant. The numbers of hypocotyl cells of both 
strains were reduced to a remarkable extent. 


Table 1b. Relative number of cells in the internodes of Pharbitis seedlings 
treated with gibberellin as compared with those of the control plants. 


Caculated number 


of alls iu Relative cell 


Strain Part of plant longitudinal direction eur 
treated Kontcdl treated, =: control 
Hy pocotyl ; | Cortex pale . “eet LD 0. 64 ae il ; 
| : ith 284 378 0a75 1 
Kidachi Ist internode | ore af ne ae ; 
| 2nd internode | — te . = - : 
Froese [See | S| a ee 
Violet Ist internode | Sees oe 1 : 
2nd internode | ce oe i is i 


The noticeable anatomical changes in addition to those in the size and in the 


number of the cells were also observed with supplying gibberellin solution. As 
shown in Fig. 3, only a few’ active meristematic cells are present in the cambial 
region of the treated plants. The cell walls of pericycle are thickened so conspic- 
uously and lignified. The differentiation of the secondary xylem consisting of small 
and thick-walled elements is remarkably accelerated and so that a cylinder of ligni- 
fied elements is formed around the stem. 

In contrast to these characteristics in the treated plants there is an active 
cambial zone which is composed of thin-walled elements, and no wall-thickening is 


observed in pericycle in the control one. The differentiation of the secondary xylem 


Nive Sins aR ; 
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Fig. 3. Cross section of the first internode of Pharbitis seedling after ten days from 
the treatment with 1000 p.p.m. gibberellin solution. Left: Treated with gibberellin. Note 
the thickening of the cell walls in pericycle and xylem. 150x. Right: Non-treated con- 
trol, L002 


is not yet active and vascular bundles are separated by the thin-walled parenchym- 
atous tissue. 


Discussion 


Gibberellin induced the remarkable stem elongation of Japanese morning glory, 
Pharbitis Nil Chois. and the effects were more remarkable in dwarf strain than in 
tall one. The elongation of all cells in longitudinal direction was induced by the 
treatment with gibberellin, but the radial and the tangential diameters were de- 
creased in the internodes. Some transverse diameters of the cells in hypocotyl 
were, however, increased. 

From the foregoing observations it is deduced that both cell division and cell 
elongation are affected by the treatment with gibberellin. In hypocotyl, in which 
the cell division had been almost completed at the start of the experiment, the 
residual cell division is arrested and its elongation is entirely due to the elonga- 
tion of its constituents. In the shoot axis above the cotyledonary node, however, 
both cell division and cell elongation are concerned and its enormous elongation is 
attributable mainly to the division to the internodal cells. It seems thus likely 
that the reaction of the different organs to gibberellin varies in compliance with 


the age of the constituting cells. 
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The treatment with gibberellin brings about the changes of anatomical features, 
such as the acceleration of leaf differentiation at the growing point, the consump- 
tion of cambial activity, wall-thickening of the cells of pericycle and xylem. It is 
deduced from these anatomical changes in the stem of the treated plant that gib- 
berellin brings about the early maturity of the plant body in spite of being in its 
early stage of the growing. Wilton and Roberts”) reported on the anatomical dif- 
ferences of the flowering and non-flowering stem of Chrysanthemum illustrating the 
SHAUNA AIS WOMIOWSS Nscoccc There appear to be no meristematic cells present in 
the cambial zone. All the cells of the pericycle and phloem, except a few of the 
sieve tubes and companion cells, have come thick-walled and are stained by basic 
dye, crystal violet. The last formed secondary xylem consists entirely of small, 
thick-walled, usually oblong elements which appeared to be one type when seen in 
transverse section. ...... The xylem and perimedullary zone are also stained by 
crystal violet”. Similar anatomical features were also observed in the stem of 
Pharbitis plants treated with gibberellin, although there was a difference between 
non-flowering Chrysanthemum and non-treated Pharbitis, i.e. in the former plants 
there were thick-walled cells of the pericycle and pericyclic fibres but not in the 
latter. 

In this connection it is a very interesting fact that gibberellin is able to induce 
the flowering of many plants having different photoperiodic behaviours, under criti- 
cal or non-inductive photoperiodic condition. Pharbitis Nil, the material of the 
present study, is also reported to be promoted to flower by application of gibberel- 
lin on the growing point.” 


Summary 


1) Dwarf and tall strains of Japanese morning glory, Pharbitis Nil Chois., were 
treated with gibberellin. 

2) Differentiation of leaf primordia at the growing point is accelerated by the 
treatment. 

3) The longitudinal diameter of the cells of the treated plants increases than 
that of the control, and both of radial and tangential diameters of the internodal 
cells decrease. Gibberellin affected on both cell division and cell elongation and 
the effects vary in compliance with the age of the treated organs. 

4) Cambial activity is ceased almost entirely in the first internode of the 
treated plant, and the thickening of the cell walls of pericycle and xylem is re- 
markable. These thick-walled elements are lignified. 
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For the ecological purpose, it is desirable to know, how much dry matter pro- 
duction would be done by leaves of evergreen trees during the winter, and in this 
view their photosynthetic activity should be measured in that season. Much of the 
available information concerned with this problem is seen in Zeller’s paper’. After 
Alvik’s method of colorimetric CO,-measurement, some workers”>*):) have investi- 
gated the subject whether net photosynthesis of evergreen plants is positive or 
negative in winter, with particular reference to the effects of frost. On the other 
hand, approaches were also made by studying the seasonal course of photosynthetic 
activity and seasonal pattern of dry matter production (Kusumoto”:®), Saeki and 
Notomo”), Bourdeau®*)), especially detailed studies in Picea excelsa and Pinus cembra 
were carried out by Pisek and Winkler”. 

In the present paper we will elucidate the features of CO,-assimilation of twigs 
of Chamaecyparis pisifera (Sawara cypress), of which natural distribution is mainly 
restricted within the temperate region of Honshu, Japan, measured in the winter 
of 1954, and discuss the dry matter production in that period comparing them with 
those in spring and summer. 


Material and Method 


Sample twigs of Ch. pisifera were taken for each measurement from a_ hedge, 
grown from cuttings and about two meters high, at a suburban residential quarter 
of Tokyo. For this study, two kinds of branches were sampled from a tree, one had 
changed its leaf color from green to brown and the other kept its original green 
color throughout the winter. 

For measurements of photosynthetic and respiratory rates, a modified Boysen 
Jensen’s method® was employed, and the same procedure with Saeki and Nomoto’s”) 
was followed for excising sample twigs. The illumination was furnished by a 300 
or 500 W reflector lamp with sky light and the flowing air through the assimilation 
chamber was regulated at a constant temperature during the experiment. The 
obtained values were corrected on the basis of 0.03 volume percent CO,. The net 
and gross photosynthetic rates and the compensation point of each twig were deter- 
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mined by defining the light-photosynthesis curve with a series of measurements. 
The chlorophyll content of leaves, after conversion of extracted chlorophyll into 
pheophytin, was determined colorimetrically. 


Photosynthetic activity during winter 


As referred previously, some twigs of Ch. pisifera kept on a brown color through 
the cold winter, and others remained green as ever. The chlorophyll content of 
these colored and green leaves, measured in the winter of 1954, was summarized in 
Table 1. During the late winter, 
from the end of February to early Table 1. Comparison between chlorophyll 


March, the chlorophyll content of contents in colored and green leaves of 
: Chamaecyparis pisifera, in mg./g. fresh leaves. 


the colored leaves was about 0.8 mg. 
es (The astericks indicate sprouted leaves). 


per g. fresh weight of leaves,—that 


is, a half of the content of the green Colored leaves Green leaves 
leaves in the same period. The . a 24 0.89 “ae Pon 25 1. 65 
leaves which had been changed in Feb. 26 0. 70 Feb. 26 1. 62 
color through the cold months, Mar. 1 0.79 Mar. 3 TAG 
gradually recovered to green in the Apr. 20 0. 81 Mar. 5 Me he 
spring (cf. Hiramatu!)), increasing Apr. 21 0. 97 Apr. 12 1.38 
the chlorophyll content again. On Apr. 23 1.01 May 6 1.97 
the other hand, as to the green ape. 20 VE SUES es 
leaves whose color has been un- oe ae Bay 21° 
: May 7 1. 45 May 13 Ite 78) 
changeable in appearance through- ena — 
out the winter, it may be said that May 17 (1 08+) May 15 7" 15%) 


the hibernal retreatment of chloro- 
phyll content is not so remarkable. 
New scaly leaves of Ch. pisifera 
begin to develop late in May and 
their chlorophyll content increases 
rapidly until it attains the value 


mg CO,/g/hr 


of matured one. 

Fig. 1 shows the light-photo- 
synthesis curves of those green and 
colored leaves obtained from late 
February to early March. The 
maximum net photosynthetic rate 
of colored twigs was 0.42 mg. CO,/ 
g. fresh weight/hr. at 10° on March 
1, and this was only a half of 0.82 9) 10 20 30 40 50 
brat ereen sones, on, February.d8 LIGHT INTENSITY IN KILOLUX : 

1/0 : : Fig. 1. Light-photosynthesis curves of 
ee ig ener caeconspienous ae Chamaecyparis pisifera. Solid lines show the 
ference between the colored and curves of green twigs, obtained from Feb. 18 
green leaves was the elevation of to Feb. 25, while broken lines those of colored 
light compensation point in the ones, from March 1 to March 11. 


NET) PHOROSYNIRESIS 
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former; that is, the compensation point of the colored leaves was ca. 2,300 lux at 
10°, while that of the green ones, ca. 1,500 lux at the same temperature. The 
higher the temperature, the higher the compensation point, e.g. in the colored 
leaves at 20° ca. 8,000 lux of compensation point and at 30° even 40,000 lux were 
measured. Pavletié and Lieth*®) measured colorimetrically the light compensation 
point in winter in some conifers and evergreen species with a view to compare 
their frost sensibilities, and they confirmed that even at 3,200 lux, the highest 
illumination provided so far, there occurred no compensation in twigs of Ch. noot- 
katensis and some other conifers, suggesting that the compensation point may well 
be considerably high. 

The productivity of the colored leaves in winter is characterized not only by 
their depressed maximum photosynthesis in saturated illumination, but also by ex- 
tremely high light compensation point. The latter is partly due to the ineffective 
light absorption by the brownish pigments which exist in great quantity in 
chloroplasts of mesophyll, mainly palisade, cells in contrast with heavy chlorophyll 
decomposition and were confirmed as carotenoids by column-chromatography and 
spectrophotometry.—Red pigments in the autumnal leaves of conifers have been 
identified by Hida’) as cyanidin and/or delphinidin, besides carotenoids. The above 
explanation was acertained by the fact that under the light transmitted through a 
red color filter (600-700 myz)') the initial inclination of the photosynthetic curve of 
colored leaves coincided with that of green ones (see Fig. 2). 


1.0 Oo 


mg,CO2/g./hr. 


oO 


NET PHOTOSYNTHESIS 


= 


ie) i) ie} 
LIGHT INTENSITY, KILOLUX. 


Fig. 2. Net photosynthetic 
rate of colored (solid circles) 
and green leaves (open cir- 
cles) under the light trans- 


NET PHOTOSYNTHESIS mg CO,/g/hr 


mitted through a red color 16 10 20 30 40 50 
filter (600-700 my); tempera- LIGHT INTENSITY IN KILOLUX 

ture 10°. Broken line indi- Fig. 3.  Light-photosynthesis curves of 
cates the same curve with twigs which had apparently recovered to green 
that of the colored at the from colored condition, obtained from April 23 
same temperature in Fig. 1. to April 30. 


As the spring advances, the photosynthetic activity of colored leaves has clear- 
ly been restored as seen in Picea and Pinus by Pisek and Winkler®), with the 
recovery of chlorophyll content. Curves shown in Fig. 3 were obtained for twigs 
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which already recovered apparently from colored condition in the last winter. The 
steeper slopes of curves in spring agreed with those of the green twigs in Fig. 1. 


A comparison of dry matter production in winter 
with those in other seasons 


The maximum net photosynthesis and respiration of twigs of Ch. pisifera deter- 
mined in different seasons of the year were summarized in Table 2, excepting those 
of colored ones in winter. There is shown that the net photosynthetic rates meas- 
ured at 20° and under saturated light condition increased from spring to summer, 


up to its maximum level in August, then markedly decreased in October. This 


Table 2. Maximum net photosynthesis (a-r) and respiration (7) in mg. CO,/g. 
fresh twigs/hr., and the ratio of a/r, of Chamaecyparis pisifera. 


Feb. Apr. May Jaa: Aug. Oct. 


5° et OPA ore 0900.25 bod 

LO 0 Qose oat felon aesd. Sal Mer iO2) Geo —- —- — 
20° lah Sel ee OU eres | al Oo, ler om Oreo Oneal W001 O54 | abn 2s 0 AeeAlA() 
30° 0.5 2.3 1.3) 025 1.3. 1.4 = 


would give an impression that the duration of high activity in Sawara cypress is 
considerably shorter than those of Norway spruce and blue spruce examined by 
Bourdeau*). But, this trend is practically the same as that observed by Saeki and 
Nomoto in some deciduous and evergreen broad-leaf trees in Japan”. 

As mentioned above, the net photosynthetic rate in Ch. pisifera twigs was posi- 
tive during the winter, even though it was at very low level, that is, about one 
third of those of the growing season. The net amount of dry matter produced by 
the photosynthetic system is determined by the balance of the income by photo- 
synthesis over the expense by respiration in leaves in a given duration of time. 
Provided symbol p is the amount of organic matter produced by unit weight of 
leaves or twigs per day, it is, though approximately, shown by an equation 


p=(a,t—2417%) CpH10;/6CO, 


where a, and r, are the gross photosynthetic and the respiratory rate of leaves or 
excised Grins at temperature ¢° respectively, and zt is the photosynthetic hour. The 
daily production of Ch. pisifera twigs calculated based on the obtained results is 
shown in Table 3. For convenience of calculation, here the mean day length of 
three days, Ist, 11th and 21st, of respective months was applied to rt. From the 
Table 3 it is demonstrated that, in February the estimated productivity of green 
twigs is down below zero in higher temperature than 20°, in spite of nue relatively 
high positive net photosynthetic rate, for the sake of the extremely high nocturnal 
respiration compared with the photosynthesis (see Table 2). It is of interest that 
the positive productivity of twigs during winter occurs only in the case of moder- 
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Table 3. The daily dry matter production, mg. CsH,0;/g- 
fresh green twigs, in respective months. 


Feb. Apr. May Jul. Aug. Oct. 
Day length in hrs. i). 2) Be al 14. 0 14.3 Ise) ia, ) 
Mean monthly temperature °C 3h 8) 12.8 WS 25a 26.4 16.4 
5° Se il 5.5 — = = — 
ig? oll eet 12.0 — — = 
202 —2.1 3.4 O52 1522 19.3 Sow) 
a0) —12.7 —5.3 — — — — 


ately lower temperature, and such low winter temperature is rather ordinary in 
Tokyo, as the mean monthly air temperatures of December, January and February 
are 5.7, 3.2 and 3.9°, respectively. Therefore, it is reasonable to assume that the 
daily production of green twigs in winter can reach upward of one sixth of that 
in summer, under the best conditions for dry matter production in respective 
sersons. On such an occasion in early March, the value of colored twigs fell to 1.3 
mg. dry matter/g. fresh weight/day at 10°,—this is only one fifteenth of summer 
productivity. 

The water content of sample twigs was about 55-60 per cent of fresh weight. 
Thus, it may be said that the green twigs can produce ca. 0.7 per cent dry matter 
of their own dry weight on a sunny and moderately cold day of winter, while the 
highest value on a summer day amounts to 4.5 per cent. 


Summary 


Photosynthetic activity and dry matter production during winter were investi- 
gated in the excised twigs of Sawara cypress Chamaecyparis pisifera, compared with 
those in the other seasons. 

1. In winter, the chlorophyll content of colored leaves of this conifer, which 
were brown in appearance, had been reduced by half of that of the leaves remain- 
ing in green. 

2. Net photosynthetic rate of green twigs in winter was positive, though it 
was at a low level of one third of summer rate. The colored twigs showed more 
remarkably depressed net photosynthetic rate, and their light compensation point 
ascended markedly. 

3. A positive productivity of green twigs in winter can be observed only in 
the case of moderately low temperature; under an optimal condition in winter, it 
was estimated at 3.1mg. dry matter/g. fresh weight/day, i.e. about one sixth of 
summer maximum productivity. The colored leaves could have a productivity of 
only one fifteenth of the summer value. 
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Table 1. Position of the highest overwintering buds of four species 
: a Wee ; Euphorbia " a 
Plant | Cacalia delphiniifolia Ligularia tussilaginea |pekinensis var. Vicia unijuga 
: japonensis 
Mt. Kiyosu—Mt. Kiyosu-Mt. Kiyosu— (Mt. Kiyosu-— isa Mt. Kiyosu-Mt. Mineoka 
Location ™i Un casejmi (In casejmi (Under almi (On a| Mt. Mineoka |mi(Onagen-(On a_ level 
of Fig. la) of Fig. 1b)|forest cano—'sunny slope)| 7, 10, 1956 |tle slope) |ground) 
21, 10, 1956/24, 12, 1958}py)21,12,1958121, 12, 1958 IU. WR TUS esha, TO), wR IS16) 
n 8 16 | pe 10 6 56 6 
aE 5, 44 5.65 2S, ea 1.92 4.05 3.0 
d 3. 54 i eae Gl 0. 46 OND2 0. 67 0. 43 69 
CV 0.804 | 0.384 | 0. 347 0. 309 0. 334 0. 393 0. 537 
CH 0. 651 0.204 | 0.191 0. 221 0. 350 0. 106 0. 563 


n: No. of individuals sampled, 
the soil surface, d: 1/2 confidence interval, 


homogeneity (CH=d/x) 
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x: Average depth of the highest overwintering buds under 


: Coefficient of variation, CH: Coefficient of 
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Fig. 2. Senecio nikoensis. a: A view in July 
at Mt. Kiyosumi where the anterior part 
of an underground stem to the broken line 
will separate from the mother plant after— 
ward. b: An individual separated from the 
clone: 
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A 
where some overwintering buds elongated 


Fig. 3. Ligularia tussilaginea. a: view 


before the end of the year. b: A normal 


view in winter. 
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Fig. 4. Euphorbia pekinensis var. japonensis.. 
a: A normal view. b: An unusual type 
like the hemicryptophyte. 
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Fig. 5. Vicia unijuga. a: A normal view. 
b: An unusual type like the chamaephyte 
where the overwintering shoots above the 
ground wither in a short time. 
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Table 2. Position of the highest overwintering bud of Desmodium racemosum, and 
percentages of geophyte and other types 


; _ Mt. Kiyosumi (On | Mt. Kiyosumi (On | Mt. Kiyosumi (On | Mt. Mineoka (In | 

| Location a gentle slope) a slope with rich | a level ground) | a half shade) 
a = 23105 1057 | Litter) 22, 10,1957 | 22, 10, 1957 7, 10, 1956 

n | 10 | 4l | 66 ital 

x | 1.32 0.57 | 1.56 | 1.41 

d 0.38 | 0.34 | 0, 28 | 0.50 

CV 0. 336 1.913 | 0.732 | 0,518 

CH OnZ82 0. 603 0. 180 ONS / 

G% 90 87.58 99, 92 | 100 

A% 10 12. 20 0.03 0 

Che 0 0.22 0.05 0 


Table 3. Position of the highest overwintering buds of four species 


Pc. ny aie sie. Sanguisorba Adenophora triphylla \Gentiana scabra 
a | : zgier ae | officinalis | var. tetraphylla var. Buergerii 
'Narashi- ‘Narashi- /Mt. Mine-'Mt. Mine-Narashi- | | Mt. Kiyo-Mt. 
Pacaaite (In ano (At aoka(At anoka & Ka-\no (On aiMt. Narashi- |jsumi (On/Kiyosumi 

tion j£24SS- sunny intermou—mogawa level gro- Mineoka no a level |(Ona 

‘ land) place) ntainarea) (Onaslope) und) 30,9,1956 29,12,1958)ground) slope) 

29,12, 1958 29. 12. 195830,9,1956 _30,9,1956 29. 12,1958" ae 21,12, 1958/21, 12, 1958 

n ia | 6 8 29 | 31 15 6 6 35 

z 1. 46 1.0 | 0.85 1.39 1.36 1.08 0.97 3.07 2.91 
d ORO gle edd 0209), ee 0.18 (O)er335) Okss SZ 0.62 
Cy 0. 048 0.100 | 0.013 | 0. 403 0. 382 0. 592 0. 330 ORDO 0.595 
CH | 0.083 | 0.105 | 0.011 | 0.156 0.140 | 0.346 0.340 0.626 0.213 
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Fig. 6. Desmodium racemosum 


Fig. 7. Aster scabra 
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Fig. 8. Sanguisorba officinalis 
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Fig. 9. Adenophora triphylla var. tetraphylla 


LOR oe sy, 

NICD <, PBLOSRMICSY, EAR 
BOgGEC, HOMMTSLIACLATS, ARH 
“CUR ESE % (AR L, BIA < CHAICOARS MA 
HELP faitk CRAG L, SEHR AEM S, AB 


ge 72 3 $$ 857-858 & 


1959 4 ll—12 5 


Hb ORE CiLRA eMC HC Ch Mice Oo & 
PHS, PACA CLEDE< Te 4 (AIA 2 b S 
(Table 3), 


Fig 10. Gentiana scabra var. Buergerii 
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W285, 1 MARIE OVC (RAR ZE © A Be REIT SHY b, COLWO-MO# 17h Lcipstigic Gb 
SIE Ct ABA To BIBER LZ, Pit D ath TSH EWORBRBA Sb bI4, dead centre 49 
SWARUDE LS AZALEASHNS, < DR FEAR E A AN Cld, Hor BOM Ico 
RRR (CV) SHHRERM (CH) CEMOKW VC OAYGH OVER BABAR HSA, 25 Lf ee 
SPALL LED, HHS b bAARY) HOA 6H OWEICIE, & SER De AAA 
MAIC Lo CHB HG4ZOG, —Micthwzie LROCLRY PECPCTWCI LBD» 4, Te wIEO 
We LAL, ZAE LAR TBZAAFO LR aT MEBORFIMBIt, RAE bAFOLFICHEMOKS 
DEMOSALOL, VIFEOERICHEHO Pav WL DOCLE DRY bres, — Hic AIR SB 18» 
SDEDS, FEMOKZ WA OMI, BEMK oF UO LRALOCREWE ICR DNS, 
Be BK 
1) MAR -RARAR, wee 69: 509 (1956). 2) WHE, ibid. 62:35 (1949). 3) BREX- 


PRES HE, PRABPIERRE 6345 : 89 (1953). 


4) HR, He ERES, 


ARE ASH 12% 2 170 (1959). 


5) 


KEBAB, PEAR, p.30, M88 (1940). 6) Weaver, J.E. and CLEMENTS, F. E. , Plant 
Ecology(1938). 7) RAuUNKIAER, C., The Life Forms of Plants and Statistical Plant Geography, 
p. 64 (1934). 8) , ibid, pp.40—41, 43 (1934). 9) , ibid. pp. 39—40 (1934). 

Summary 


In the description of plants some observations from the standpoint of the life- 
form were not uncertain. We discussed some of ambiguous types of life-forms in 
the previous paper (Report II, 1956). After Raunkiaer, “Geophytes include land 
plants whose surviving buds or shoot-apices are borne on subterranean shoots at a 
distance from the surface of the ground” (1934, p. 64). On the contrary, “all hemi- 
cryptophytes have their surviving buds or shoot-apices situated in the soil-surface ” 
(p. 41), and “the buds do not come above the surface of the ground” (p. 40). The 
difference between the expressions “at a distance from the soil-surface” and “in 
the soil-surface”” is sometimes very nice, especially in shallow geophytes. 

We measured as many individuals of doubtful species as possible at different 
habitats (Figs. 1-10, Tables 1-3). That explains the matter there are variable spe- 
cies such as Desmodium racemosum and Vicia unijuga, and little-variable ones such 
as Ligularia tussilaginea. In the former a geophyte in a statistical meaning is 
sometimes like a hemicryptophyte or a chamaephyte as shown in Table 2. And the 
type of the life-form of species forming a dead centre (Figs. 1-2) is too apt to be 
misjudged in a season when the clonal connection breaks. The position character- 
istic of the surviving bud of variable species (Table 2) is considered to some extent 
as an indicator criterion, but in other plants the value as an indicator is little. 
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Osamu SHIBATA*: Studies on Photoperiodic Responses of Salvinia natans (11) 
The Influences of Organic Acids of Citric Acid Cycle on 
Photoperiodic Responses 
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Effects of the certain acids combined with citric 


acid on the photoperiodic responses of S. natans. 


Organic acids added to the culture solution* 


Solution Inhibition-grade (2%) 
i Citric and succinic acids =e, i 
2 » and fumaric acids Sal 
3 7 and malic acids SAG 


* The concentration of each chemical was adjusted to give 10-4M. 
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Summary 


1. The photoperiodic responses of a short-day plant, Salvinia natans, were studied. 
by supplying with the organic acids of citric acid cycle. 

The acids used were citric, succinic, fumaric and malic acids, added to the 
culture solution only during the dark period. 

2. The developments of the sporocarps were inhibited by the citric acid of all 
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the concentrations tested, while in succinic, fumaric or malic acid of lower concen- 
trations their developments were more or less accelerated, especially by the succinic 
acid. 

3. The inhibiting effect of citric acid on the photoperiodic induction was not 
found when the other acids were also used at the same time. 

These facts seem to suggest that the effect of citric acid on a process of the 
photoperiodic induction was antagonistic with that of the others, though all the 
acids used were available as the substitutes of carbohydrate required for the de- 
velopment of the sporocarps. 

4. The malonic acid combined with the acids other than citric acid made some 
decreases in the photoinductive effect, whereas it was notably increased when the 
former acid was used alone. In citric acid, however, no such decreases were ob- 
served. 

5. These facts seem to indicate that a relative quantity of the organic acids 
in the plants may be an important factor for an alternation from the vegetative to 
the reproductive phase. 
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ete ee key ELCHhOA > TWHSM, 
— Fy Krassilnikov2) (kARMODMICeS ROC, 


FEMA 1 BLL, RBA A 2 RAICS 
X COLCHEMR OBER HEL LCITAL ED 
TAs 
£tc,tt Pridham, Hesseltine 4s £U*’ Benedi- 
ct3) (k, Sporophore OFPReIe b+ C7 PIC ABIL 
SHIRE RYVANRENARERL CWS, 
EDisd, DACA ST SHEL UTIL 
Waksman,4)5)6)7)8) Techantier 34) Krassilni- 
kov,9)10) Pridham #3 }U* Gottlieb,1) Burkholder 
43 EUS Sun,!2) Baldacci,13) Hesseltine & 14)15)Gau— 
sel6) [ifjbl, ad, 18)19) Bipe -20)21) 28 22 23 24) fib 
Fis LOR, 25)26 27) ese, 28) HM, 29) [ots k 
Oey AeO) fe FA 53132) HAIRS3) AHH, 
CEM DHFICBY CBRNE & BAS“ X 1k 
SADIE, MEMEWZE SAM CREW, La 
bRHOOL OS USL< RFRA BR IED 
CROPHELE, ESCEOBMBET bh 4A 


Minoru FuRUKAWA* and Shukuo KINOSHITA*: 


BREIC OUT 


BA OF BBS 


The Morpho- 


Microscope on the Spores of Sétrep- 


(41%) Pridham 3) ® Sporophore 4}*A 
. Straight 


1 
Section 
>) 
2. Flexuous Rectus-flexibilis 
3. Fascicled 
4 Open-Loops Section 
’ Primitive Spirals, Hooks Retinaculum- 
apertum 
5. Open Spirals Section 
6. Closed Spirals Spira Co 
7. Monoverticillate gi acta hageree 
ection 


8. Monoverticillate Section 


with Spirals Monoverticillus-spira 


: Meee Section 
9. Biverticillate Bier 
10. Biverticillate Section 


with Spirals Biverticillus-spira 


PAL TASC COSEWRES, 

fceR34)35)  (t, Aspergillus jROVA-ICOW CE 
Gift. (LLP EM £8§) @ietscotey, FOO 
ORLA LBA L Teo PH36! YL, Penicilli- 
um JROTC Hi > CARER Bote, EM 
BURR BRA BED CUD, 
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DR AIFICOW Ch EM CL SMBS SBE 
OfkdtICwS, sisted, Flaig- 437 
sen38 DMB EMS SD Wd b BARE TE ERS. 
% OVIL ROW AORRMY PD < LOG, BHHODS 
k, EM Oe PAY ORE ORS ese 
OANZLA LRAT LA CHV, Flaig Syt# 500 


Enghu- 


eA C, B1 Hct Lj EM Ayes 
ARAL THY, PICAFOCAA, Bebe L Ala 


FIBRO BR Eie EICOWThON TWA, 


($512) Flaigs) Hic LARA Os mas 


Dbiace 
Lang-oval 
| rund 
( glatt 
| | rauch a) stachlig 
b) harrig 
c) warzig 


\ rechteckig 


# fz, Baldacci EUs _Grein39) j=, Baldacci © 
FS BT GE 5 Te 
ROlafxe EM ML, laFtove, TROGIR 
ERMO Lj FRLBON, CHO OER, Sserieso Kw 
PRINT VSN FIBRE D <a teas cia series 
BOO OHO EL Ars, species O#EICAH 
WHo LIE CHS LON TWS, 

re ee ee ee 


fi *® Series © Actinomycetes #350 


RBWOCH AI, Waksman % 4.x Krassilnikov 
6%, Bite CI BERRI Me EOS ER 
a Craze <, a LAD bLOTFAN COMME TAD key 
EL CHOSEN CHE LW a TWARKECHS 


DLiTARICPARA, Fe doik EM tee 
2, FERRO SNCW47RPGHLEEDS 5 BRAS 
HODPHMAI EL UCHR Boiss, tied, 
+2 LT aerial myceliumoyeet, fafo EM fy 
FGR LE RMARILY CHALELD CH OM, COG 
2, 3 OMAeEK. SOAZAARRMILKA RAD 
RLD<, PRCA OBCHAZEEL EA HARD 
GCOLEOOC, FRR RIGS Seva, Cc 
CREAT So 


HH E EVA 
4 AAZS L 7s 192 Ke, 64ER LMOTP Re LO 
EER LODSA Set type culture CH), 
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108 FREI Sic ED A OD AE Se hte BE 
“ERR, CO, Baldacci £)4E XhoI 
(S. sp. No. 1-No.25) G4, 

PLE LUT 
Bennet’s agar 4 FAu.7e2%, 
potato ext., & ie FAW 

B4 HS, WONOBRS 28° C2 ~ 3 
BL, CAN FRBMSVRE, eR Ay ya 
w (Bets L& CC EM $24 isc teot, 

#72,sporophore OF¥ieit, agar plate --C#E 
tee L7e, Sporophore O44 48h Aw L7e Pridham 
bOFERICFE, MOT Ditbitti. 

1. Rectus-flexibilis (RF) 

2. Retinaculum-apertum (RA) 

Bo Saas (S)) 

4. Monoverticillus (MV) 

5. Monoverticillus-spira (MV-S) 

6. Biverticillus (BIV) 

7. Biverticillus-spira (BIV-S) 


Starch Bennet’s agar #5 £0, 
= Of, soluble starch, 


glucose. soybean agar (c7¢ 


ia R 


GiFs Lic 193 tk, AMBAIL RF (91fk) RA (16 
tk), kU S (83k) CBTS 
1. laFOBsLOKE SOF ee 

fF OFC OV Ck t CORA REEOD Mt 
IFAC CHO. KATMIKO 3 Dict 4. 

(1) spherical or oval 

(2) ellipsoidal 

(3) cylindrical 

COL 57H, MAFOMMAK C4 AIX, frag- 
mentation +7. segmentation £7) c “4ABY(R> 
Lit OSBORN 4 , HieeMIcBikt A 


BE ers De 


LZ2ZTE<, fW—wWROMFoOHRIc4 spherical & 
ellipsoidal tes ie aie Up ellipsoidal iene <G 
b, COREL D Heit As7e VAX S$ BILT Sx 
tli eo sree Se ee 


Dic 0 HAN ish OCH SAS LAE, RERAIE, 
S. griseus WETRE haste 0 F—Te AAA LT 
tc, S. sahachiroi (Os 238 Bl icCAbNieM ORIG 
DPIFILGN CHA, MV Y BC) bwin 
XWUONEF It, S. lavendulae wiLCHELT, kt 
LED RRICE DAD PINBD SAID, ZVI 
BRB LED OO ARE ICBbNS, COR 


(LEICRA LEV, 


468 fh yy = HE Zé 63 72 2 #8 857—858 #2 1959) = 1112) 


2. WAFORMOE 5S FeOWT OZLXIF spinyCH SA hairyicHy4OCHS_. 
fa FORM Ott ba7eOWAW AT LOM Y, kfc, S. sp.No.20 dv» Chk, MABICGE> CT spine: 

Fs LICH CILKOL 5 CHS, (erie 7h Os 

(1) smooth (2) rough (3) granular Zen he aH L < WCHAIME7s ~granular, short-spiny, 

(4) short-spiny (5) spiny (6) hairy spiny #kO hairy (kB2#ICASHSZLI, FH 
TCM A She wrinkled (Reb OMROH “C spiral UMTS Shira iCMPS& LEB 

HA Crd ih btricds. fe, (CMTS, HhoReoFEe b9 ATH, Baldacci 4 
Eke OL PRHBEOR LL BML SSE kU: Grein ® Series Diastaticus sp. Diastaticus 

e 2(¥, S. lavendulae ATCC 8664 (x rough 4s LU’ Actinomyces Cp. 936 (kvV»3H4 spinex 4 

ae S. rutgerensis 2c AMT. short- 5, DO Shira (CBA LHEANS 

spiny (CMY CHO &LOLWASL, spiny W@LT& Bae b ORE Lic Spira 85H, COL 5 te seit 


spineOR SICRGMNSH), ZOKSEBY, T4BSKE wm LIES OIL CH £0 (BER HIRIABIV-S). 


(55 2%) sporophore DFE MF-oOw, KX XOR—-K, BIOMOL > SICLADA, 


Sporo > ; ene of ‘Numbers of Strains 
Uniformity 
phore Surface Type Culture | Newly Isolated | from Baldacci 
Uniform Smooth — 7 | 30 39 . 
RF bs | Rough 2 0 2 0 
91 j oe ele: Smooth 13 3 ’) hes 1 
i Rough or 1 0 | 0 
Unicorn Sea 10 1 8 . al 
RA * Rough 1 0 | 1 | 0 
16 Irregular Smooth ale 3 | 1 | 0 
A Rega a HOE ie os a on 
: ; Smooth ol | ey oo 28 9 
Rough | 0 : al Oe 0) ale 
Uniform == a 
a Granular 1 | 0 0 1 
S Short-Spiny 3 2; 1 0 
83 Spiny hd. 4* (3) 7 3 
Smooth pacige a 3 a 0 
ee Rowen 5 : - F 
Hae : Al 0) 1 0) 
BY Unicorme t Smooth 1 il 0 0 
BIV-S. |. Uniform Smooth 7 1 : 0 1 0 
2 2 Spiny il 0 il 0 


*S. sp. E-150 #Et,, 
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fa FFBREILA TIS HUE spherical, ellipsoidal 4s 
= OUT SRA Cd 9, 

ellipsoidal +> CT £4 RELHEOHROBRILG 
alae 


k£O cylindrical WteAZs, 
spherical \%4,O7x6 long ellipsoidal ¥-G., 
AWARIEL, RR 2 


&5lZ 12 spore chain 
Hic mo Cho, KX &6 


DAE DT LS 


(4 392) S. griseus HOB REF 
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segregants (ICIS NO OMBORDXLHS, It 


Of, TRIG RISFERICAELELOCHE), ¥ 
7, fese8) Wc kivz, spiral OWMOLIARBE 
(lL, ERMA (ck ZIP THRE, JRE 


7), SRRABAL) its 

MESES fas ee 
SOLS, PRB RIE GHICk bM CHET 

bOCHIME4RDMOkKey tL UCHHASZNE CH 


DINE EBA 


Metabolic Products 


Strains Cultural History 
£1 SM, V. Bis Waksman’s original 

SN -14 SM- Okami’s red mutant 

S-1 SM, V. Bi. Umezawa-Okami’s original 

SX,=O-11 SM. V. Eis S-1—Xray, 2 times monospore 

H=12 Grisein | Okami’s Grisein Producing strain 

TS GOL SM, V. Bi. Sakai’s original 

MC - 33 SIM SV. Bip | Z-38—mono spore 
SE Lith, aot irregular GHAI LULA A}, EWA EMIEOY CL, kDCRN RETA. 
EH O—TOPACHABEMDS, S. lavendulae, S. kit. BPROOGBOrIL<, spine RLU OSH 
sted atest Leplewxz £5 ie ORME IGM ARH sporophore (i, Wo 
JL, S. griseus (i##—-DADA CH > TH 3 RIC #4 spiral AIMS A shira (cfRtA (shira 85k 
Re ee ecu ms FH2OKEIZ H3. CHMPIELAL Ht) wD, COrLIE 
5 Te PEEWME 4 O25 DATO ARE ALT free Liste ti RLEeZbNS, LAL. spine FBR 


A. ZO LiteyPearrr 0 BELLOCHS 
= LER —OORSLSWZLI 
~ME5lc, original OF9H, X IR, eset 


FE OR Bics LD DSAM, WoHA Bergey’s manual 
IfEo TC S. griseus LMBSHELOM, COMF 
OPES, AHS, RMBALIELAEFLS, = 
OBRILRE LBB ¢ BFW AS b <i 
Wee ORwe te De LIL, S- fradiae OF Die, 
3535kkit RF (CBL, 117 KE LOMAROMERE 
RFic BtS kj eAR—H Ek, S. olivaceus 7 
Mrasmooth 6k rough 1#OL5IcIFSOKV ce 
1S, S. olivaceus cli fate. Avs OF—-E 
LX-EUT, THHA-LLOSH, RAKED 
2tRE Igo CWS, 
B53) OMFEIC Kes, 
aerial mycelium © f@J#§, soluble pigment, carbon 
OFAVARE. teWA ORAS EICOWT 


sporophore Df 


source 


FED EMA EVEO TES RICOW CLEA RN e 


Bigs TCORWOCIORWHERT SITIED DO, 

& oA ¢ MOTT OBAIL, SRO R 
EROMBL UCRHSNANE CHOM, CORI 
QU CHR ORBAIT Be evr 

B #) 

193 £KO Tita DAG FICO & EFAS & As < 

?cv», Pridham %@® sporophore O4#lcGEote 


sporophore OJZfEL, lat ORF PB sNICREO 
Vet. Lb ANTES A SEI AIH ah 2 EA LDS 
a oe 
_ fiayz-O}¢it spherical, ellipsoidal 4s £ U‘cylin- 

pes eee or. COVA SHIIC BIE TS 
LOG, A—-ARICOM ChAT LE EOE, 
Kv & OF—-EBR-ED$ OCI. 

2. faF-ORMM MICO Cit smooth, rough, 
granular, short-spiny, spiny #kU hairy (<7 


470 fi # F MH B72 B HH 857-88 & 1959 4% 11—12 
(tons, SKSOMBLEMB CL wrinkled it tz, WADARS KA, a IB 
Bid btrietss fk. BRIBE (ER ERM tL biCmReEDS SN 

3. granular, spiny kU hairy DDL XH jo EAT IE AT RE BIC ER SK RB L. MH WEILER 
2 hO20KIR, WON Shira (CBE TWHRS 72 3 pS MERE, EE TB RET EB RO es, 

% to MPT ORIe BAR 5 = BBO AB CR 7 LE 
at at eS 

fi 2 GSE, SS RORY RRAR DEH 

pe fk 
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Summary 


The spores of 193 strains of Streptomyces were observed with an electron micro- 
scope. There are some relationships between the morphology of sporophores classi- 
fied by Pridham e¢ al and the electron microscopic fine structure of the surface of 
the spores. 

The morphological observation with the electron microscope may be available 
and feasible for the classification of Streptomyces. 
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7 Co 8 


ey S iS CBS (IFO-3111) #—/7s, spherical 5. S. te iiietjerda 289-A-1 S. coelicolor 1c UC 
fev. Lau» cylindrical #at HeM WAIL AV, BURICEER, WIC c OR 
DNS: rimosus NRRL-2234 if. FW AY 7 HACit BURILIZ EAE autolysis w4s cL, 7 BAIS 
i At oh Lm fragmentation ick Sa FEDS < OVABR CUE & doe C AFA Cd © 
Woe h DD eer CEWECED 5 6. S. griseus #1 (Waksman) ellipsoidal fey. L 
MGs 7 bab his th ORIEL WA, Brae aaa S. griseus FL, —WIC EOE 5 ef 
iat eens 
4, S. coelicolor NI 9023 spore chain #4. 1 7, S. flavochromogenes H-3206 spore OKs 
2 dense 7s, BESS RIPBLEAZSLNAAK (CHER : 
7) 2G 12) 8. S. lavendulae ATCC 8664 spore ie REVS & 


ZONES. = OMAN O HIE EFL & aie & wt 
Last, dpi CHES, AML MM AeA Ray, EHD 


(LAS AER D FFL Cd Do 


9. S.sp. No.7 —filcZRO granular pA 
54, 

10. “S. rutgersensis H-1159 mHItAhtr= Biko 
Rt CMiLIVS, delicately spinulose & Ghvy5 
ASE 7S, 

11, S.sp.25B1-2 Ax OD =< HHy,spinesiz bn As 

12. S. viridochromogenus CBS (IFO-3113)  #haH Ag 
7g Spiny fii, Spore D MAD ILICIER, 


i 


Fev d FH C% Bq 


1959 42 1i—112 8 


13. S. purpurascens NRRL-B-1454 Spine itK¢, 


14, S. sp. No. 19 spine x9<, Bu. 
15. S. sp. 74B5 spiny Git 4As, =D spine it 


FEM DS XS do TH < , 
hairy CV», 


RX, Ds ee tH (er Gesoe 


16. S. sp. 172B6 jRHWY7e hairy CHS, 
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1. Shapes of the spores were classified into three groups, namely, spherical, 


ellipsoidal and cylindrical. 


These three shapes change continuously. 


The shape 


and uniformity of the spores were not constant even in one spore chain. 


9 


2. Markings of surface of the spores were classified into such groups as smooth, 


rough, granular, short-spiny, spiny and hairy. But the present authors could not 


observe wrinkled spores. 


2) 


3. It is a remarkable fact that all of the twenty strains which show clear 


marking of surface of the spores belong to the spira. 


#E Ex 


SS 


KE ty EE OD th 
AR %e 


Tsutomu ARIYASU**: 


IK ae ie eps se a 


ColLiaey we 


Gy ** 


Density Effect of Pollen Put on Artificial 


Culture Media, upon its Germination and Pollen Tube Growth. 


19594 6 4 1 Aft 

KUM EOE OBKBEIC SL 5 CHFSBO 
{WE OMPRELRICT SILI, LISLITMBSH 
CW HD2), AIRS) (1919) td — AR Tat CHT RK L 7c 
TE FERRIC EWA, —MICBR LEM: 
STMERMTOLMS<, = &1€ 130 Arm Le 
Digitalis purpurea D{EMNLGELCKGROAEFL 
Foi v5, Brink® (1924) ( Cucumis sativuszs & 
i Vinca major DFE, FEKRb ECLA 
{EMO SPRL, MHEEMOTH LY BCH oko 
LeRMMICIe LAH, Schmucker 5),6) (1933, 
1935) (x Nymphaea tetragonazs £ U'Grevillea robusta 
DIEBDOWAEEC, BORSTAL LL CHF 
DURHEXHA DL %H, Schoch~Bodmer 7) (1936) 
(LGR AIC TRAD He DU Eb CHE SEM 
heterophylla D{0S REE LIMA CARES LE 
4% LCWA, &6IC Kuhn 8) (1938) 1k Matthiola 
incana DO*EBMeETF VR EG, APR (1954) 
tt Cosmos bipinnatus DER AERRIWEG, Wav 
b REX OMA CKL<S BFLELRUTHS. DEO 


Corylus 


GED 3b, ORK RRVICA YY biP Cre Las 
BEADLE TCH, HPANCAZ Brink OMBAMS 
Dig, COMIC cit Ls OFRCHRM 
DED LEZ DILAD GC, S5RILBAOIE Me A 
agiae L, BFORRRBICO CH AIC 
tS. 


BHE AE 

MERE, ATHFMAA Ch Him AM CL 
DW etv., 24 (Camellia japonica L.), +¥ 
(Camellia sinensis L.),+ 2 27 7 (Uris pseudacorus 
L.) Yravszy by (Lathyrus odoratus L.) ts 
kOUAASY a 4 74+ (Ocenothera Lamarkiana Ser. 
OAEMRWEATE. Hehe LE CHG Lok, 
titb by a HHO~15% GAO 1~1.5% FER (bo 
D%2mm.) (pH6.0—6.5)e Aus te, FRM ED 
Heit 8mm.X3mm., EM FEOWMEICIk 10mm. 
x10mm. DK &DBRRKYO< oO CN RAZ 
A FFFAETC3~IOMICOUN THES, SRAME 
1c MIFE*** C1 KEE > 7 BARI A OTE 2 1 ~10% 


* FARM EAPLIOAKS (1954) (CAs CMe ERLE : SA ry oe) O 
** Sakado High School Attached to Tokyo University of Education. RABAT By eee 
HK T CUO IRORER TF AE ORMITC NT 7 ty CHELESD, 


ATA th w % ME ab 


SOTLIR L To RAR TERDRIRE 0 BBAMEIaF 


Bs 72 48 


AS 857—858 


1959 « 


as 1 Ze Gilera 74 OBI 


lye 


$3 100H & L, BIRR ED PARAS FEHR (%), ( )PIACUR ZEA, 325°) 

Trg lac ya ex cat 0 04 6-Se 1 br Oy | i ae ere ane Camellia | Iris L capeaticee 

KIC EB Lit. FEAF RUE DIBA IE 5 ff | sinensis japonica pseudacorus |Lamarkiana 

KI EC, TERME EIT OWS IORI 1 | 33.3(126) | 32.9(429) | 41.0(194) | 4. 3(232) 

ECHR, COM2HUEX ERT 2 | 60.0(478) | 15.3(480) | 51.0(108) | 33. 3(150) 

SA ICITORID EC Hie = ETS | a wee | 3 | 75,0(357) | 55.5(324) | 54.1222) | 47.5( 42) 

Ce oy oe ee ONE Wen 

—bexh J -MCRSSTHEAC ES 4 | 78.6(420) | 55.5(108) | 59.0( 84) | 62.5, 32) 
(BiH25°), —ERRRKIC 7 UN a 5 | 82.0(350) | 74.0(150) | 80.0( 50) | 76.6( 60) 
Bae Ee A ee 1 | 35.0(61) | 43.6(472) | 41.9(815) | _35.9(492) 

“CHRYBA WE LAT V 27 bee | | 

AF CHEV RWIGE Lice TRIS IE 2 | 62.3(392) | 66.6(618) | 58.1(444) | 50.0(22 

BOT DIGRSEL Fitco MI Owe | 2H] 3 86.9(294) | 72. 0(414) | ~62. 10282) | 59.0(240) 

(Van Tieghem Celli, 10~15% ya iv 92. 5(364).| 75.0(244) 64.5(200) | 70. 4(196) 

Whe, (pH6.0—6.5) 2A, AAD | | 

=< (HEM 5mm.) # CE SRO. 5 | 95.8(315) | 82.2(245) | 82.4( 85) | 84.4(180) 
Lire Sheen lic. | 

fe SIOZ SER LOOM AGE & (Ee ae 

Juels & OBR 
(1) aT AMS (HAE 2B ORGR, BCL (H) 7 
FY, DAR BY AOD, FAV aAtTHOTE 7, ( nee FULWUZETE RY A, 38125 °) 

WeRilo, BR LIMES LO 2 MMII EEO Cee ee ldacoms | odoratus 
SREB. (1X) : = - 
eee Oo ee 1 | 170(209)] 200/208) 260172) 50(251) 

HILO HDR Cho. Ue PARE DS 2 | 300(165)} 350(311), 460(215)|_ 100(183) 

BEB 4 HED TEMNLU TH 4 BET SiS EFER AE < 3 | 340(231)| 400194) 500(203)) 150(161) 

iss CWA, LK Y OK EOS te - 

LBIa-Ch Bo TPE VIE Cie — dae sti 30 4 | 350(362)} 420(191)| 540(263)| 160(231)} 

~40% eS 5 | 360(107)| 430(173)| 550(127)| 200(145)} 

oT Sty  RSEAA SV aA TY OME, EK 6 | 380(144)| 440(210)! 600(200)| 200164) 

(1 EI CUR 1 ALREIk 4.3% LmsF82E Leas, 2 
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Summary 


1. The present work was carried out to investigate experimentally if the ger- 
mination percentage and the pollen tube growth are different among various densi- 
ties of pollen grains put on sucrose agar media. 

2. These pollen grains of the following plant species Camellia sinensis, C. japo- 
nica, Iris pseudacorus, Lathyrus odoratus and Oenothera Lamarkiana were used for 
this purpose. 

3. The greater the number of the grouping grains became the more the ger- 
mination percentage and the tube growth increased. The difference of the tube 
growth was most conspicuous when a single isolated grain was compared with the 
two grains grouping set side by side. 

4. A group consisting of five or six pollen grains secures the best growth of 
the poilen tube on agar media, whereas more grouping grains are required to gain the 
best germination percentage. 

5. It was discussed that certain substances might take part in the increment 
of germination percentage and the acceleration of pollen tube growth. 
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Short Communication 


Osamu SHIBATA*: Photoperiodic Response of the Rice Plant as 
Affected by Iron-Deficiency 


7 Te*: RAE CERULK ROB ERMITOUT 
Received October 6, 1959 


This paper represents an effect of short-day treatment on rice plant, variety 
Shinriki, cultured with different iron-levels resulting no visible difference in chloro- 
phyll content. The plants were divided in two nutritional groups as shown in Table 
1 on the 52nd day after the seed-germination. Fifteen treatments of short-day (8 
hr. day-light) were experienced at the stage of five to six leaves, and the control 
plants were grown under natural day length. 


Table 1. Photoperiodic responses of rice plant affected by iron levels in the 
culture solution. (May 1, sowed; July 19, short-day treatment started.) 


| days from sowing to heading 
es iron level ew Cae | oer fel j See es 
ahi ae control | short-day treatment | 
mg./l. days days days 
complete 1.129 0. 48 | 145 | 120 25 


iron-deficient 0. 054 0. 46 144 133 | aa 


* 22 cent of chlorophyll to fresh-leaf weight. 


Flower formation of etiolated plants caused by iron-deficiency has been reported 
to be significantly delayed or inhibited by some workers’). In these cases, it is 
supposed that the plants may produce the insufficient carbohydrates on account of 
reduced chlorophyll content. The data obtained here, however, revealed practically 
no difference in the chlorophyll content of the nutritional groups, though there 
was considerable difference in iron concentration of the culture solution. Their 
growth was also found to be almost normal to all appearance. Then, it was sug- 
gested that the difference in time required for the headings of the plants in the 
different nutritional groups might be caused only because of the different iron 
levels in culture solution. These facts may have some relations to the formation 
of the flowering substances or to certain processes following them. On the other 
hand, however, with a microscopic observation of the head-primordia, the writer 
failed to find any difference in time of the head-initiation. Therefore, it seems 
probable that the iron-deficiency affects the later stage of head differentiation and 


its further development. 
Reference 


iySsmith, Harnett); Mcilrath, Wayne J. and Bogorad, Lawrence, Bot. Gaz. tie algal (leon). 


* Department of Biology, Faculty of Liberal Arts and Science, Shinshu University, Matsu- 
moto, Japan. {ai\\ APOC EME FA 
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